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(54> SXhaUSt 938 pUrffication and meth <*« for exhaust gas purification using said 



(57) A system for exhaust gas purification disposed 
in the exhaust pipe of internal combustion engine, in- 
cludes the followings (C) and (D): (C) a catalyst giving 
an excellent light-off performance at low temperatures, 
comprising a carrier and a catalyst layer supported ther- 
eon, the catalyst layer comprising a precious metal and 
a substance having an electron donatability and/or a ni- 
trogen dioxide absorbability and reusability, and (D) 



an adsorbent comprising a carrier and an adsorbent lay- 
er having a hydrocarbon adsorbability, supported on the 
carrier. This system for exhaust gas purification can ef- 
fectively purify the harmful substances contained in the 
exhaust gases discharged from internal combustion en- 
gines of automobiles, etc. , particularly the hydrocarbons 
discharged in a large amount from gasoline engines dur- 
ing their cold start. 
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D script ion 

Background of th Inv ntion 

s (1 ) Field of the Invention 

The present invention relates to a system for exhaust gas purification, employed for the purification of harmful 
substances such as hydrocarbons (HC), nitrogen oxides (NO,), carbon monoxide (CO) and the like, present in the 
exhaust gases discharged from internal combustion engines of automobiles, etc., as well as to a method for exhaust 
10 gas purification using the above system. 

(2) Description of the Prior Art 

Various catalyst techniques have heretofore been proposed for the purification of the exhaust gases discharged 
is from internal combustion engines of automobiles, etc. 

For example, in WO 93/07363 is disclosed an apparatus for exhaust gas purification, which is an NO, absorbent 
disposed in the flow path of exhaust gas so that the absorbent can absorb NO x when the air fuel ratio of exhaust gas 
is high (fuel is lean) and can release NO x when the oxygen concentration exhaust gas is low. 

Also in U.S. Patent 4,902,487 is disclosed a technique of collecting the particulates contained in diesel engine 
20 exhaust gas by the use of a filter and burning the particulates at low temperatures of about 225-300°C by using NO x 
as an oxidizing agent. . 

Further in Catalysis Today, 22 (1 994), 1 1 3-1 26, it is disclosed that when a so-called "Pd only catalyst is used with 
a basis element and/or a transition metal oxide added thereto, catalyst poisoning by HC is reduced by the electron- 
donating effect of the added element and/or oxide and, as a result, an improved NO x purification ability is obtained. 
ss m recent years, it has been one of the major technical tasks to effectively purify the combustible components (e. 

g HC, CO and H 2 ), particularly HC present in the exhaust gas discharged from gasoline engine during its cold start. 
During the cold start, engines are operated generally at a low air fuel ratio (fuel is rich) and a large amount of HC is 
contained in the exhaust gas; meanwhile, the catalyst provided in the exhaust gas system does not yet reach the 
activation temperature and shows a low purification ability; consequently, a large proportion of the HC tends to be 
so released into the atmosphere without being purified. Therefore, there is needed a technique capable of effectively 
purifying the HC present in the exhaust gas discharged during cold start. 

When the above-mentioned conventional techniques are looked at from the above standpoint, the apparatus dis- 
closed in WO 93/07363 aims at the purification of the NO x discharged from lean burn engine and diesel engine during 
steady-state operation and does not aim at the purification of the HC discharged during cold start; further, the apparatus 
35 includes no idea of effectively utilizing the reaction heat generated. Furthermore, in this apparatus, the air fuel ratio of 
exhaust gas is intentionally switched from a high side (fuel is lean) to a stoichiometric air fuel ratio or a low side (fuel 
is rich) before the NO x absorbent reaches its saturation, whereby the NC^ absorbed by the absorbent is released and 
reductbn and purification are allowed to take place. The switch of air fuel ratio from high side(lean fuel) to stoichiometric 
ratio or low side (rich fuel) is repeated and the apparatus is used at high temperatures for a long period of time. 
40 The technique disclosed in U.S. Patent 4,902,487 is for the treatment of the particulates contained in diesel engine 

exhaust gas and, as is so with the apparatus mentioned above, does not aim at the purification of the exhaust gas 
discharged from gasoline engine during cold start. Further in this technique, while the N0 2 used for burning particulates 
is generated from the NO contained in exhaust gas, by the catalysis of the Pt used, no idea of using occluded or 
concentrated N0 2 is employed and therefore it is difficult to supply N0 2 of an amount sufficient to treat the diesel 
45 particulates. Furthermore, since the particulates contained in diesei engine exhaust gas are solid particulates having 
an average particle diameter of about 0.2 jam, the particulates, unlike the combustible components (e.g. HC) contained 
in gasoline engine exhaust gas, only accumulate on a precious metal (a catalyst) and are not adsorbed thereby; con- 
sequently the probability of diesel particulates to react with N0 2 on the precious metal is considered to be low. 

With respect to the technique disclosed in Catalysis Today, 22 (1 994), 11 3-1 26, even if the electron<Ionating effect 
50 of the added element and/or oxide can enhance the NO x purification ability of the "Pd only catalyst", i.e. the NO x light- 
off performance, said effect alone is unable to effectively purify the HC generated in a large amount during cold start. 

In order to increase the purification ability of HC generated during cold start, there was proposed a system for 
exhaust gas purification disposed in an exhaust gas pipe, comprising (a) a catalyst and (b) an adsorbent (e.g. zeolite) 
having HC adsorbability, provided upstream of the catalyst. This system aims at temporary adsorption of HC on the 
55 adsorbent until the downstream sid catalyst reach s its light-off temperatur ; however, in actuality, th HC adsorbed 
on the adsorbent begins to b d sorb d from th adsorbent wh n the adsorbent reach s about 1 50*C, and the down- 
stream sid catalyst does not light-off until it reach s about 300-350°C. Thus, even when the adsorbent is provided 
upstream of the catalyst, as long as the catalyst is a conventional catalyst having a high lightoff temp rature, th 
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diff r ncebetwe nth initial temperature of HC desorption from adsorbent and the light-off temp ratur of catalyst is 
too large, making impossible the effective purification of HC. caiaiyst is 

Object and Summary f th Invention 

In order to effectively conduct the purification of the HC contained in exhaust gas during cold start (the purification 
Si 23 COnVentbnal techniques), the present invention is intended to provide a system SSS 

gas punficatnn which .s a combination of (a) a catalyst composition or a catalyst both giving an excellent lioht^ff 

a^HT ^ H° W 1 (b) *" adSOrt5ent ° r ™ adsorbent^atahyst both havfng .wSSlifS 

a method for exhaust gas purification using the system. «*»u<«jiiiiy. arra 

Dio ^S t0 ,he h pr f ent invention - ,here is P rovided a system for exhaust gas purification disposed in the exhaust 
pipe of internal combustion engine, which comprises the followings (A) and (B): 

ific m^ St ^P^ 0 " 9^ n 9 an excel,ent «8ht-off performance at low temperatures, which comprises a pre- 
bS a^d 3 SUbSt3nCe h3V,ng an electron Stability and/or a nitrogen dioxide absorbability and releasa- 

(B) an adsorbent having a hydrocarbon adsorbability. (This system is hereinafter referred to as the first aspect.) 

According tho the present invention, there is also provided a system for exhaust gas purification disposed in the 
*> exhaust pipe of internal combustion engine, which comprises the followings (C) and (D): <" s P<*ed .n the 

E^SS? ^ T^ 6 "' liSh ^ f ' P erformance at low temperatures, comprising a carrier and a catalyst 

2ELS*r the Cata 'y st laver uprising a precious metal and a substance having an electron do- 

natability and/or a nitrogen dioxide absorbability and reusability, and 

tS ca^nS 0fbent °° mpriSin9 3 ° arrier and an adsort >*nt "ayer having a hydrocarbon adsorbability. supported on 
(This system is hereinafter referred to as the second aspect ) 

e^^J^T^T^ 1here iS ' Urth6r Pr ° Vided 3 SySt9m f ° r SXhaust 8" P"^<=ation disposed in the 
exhaust pipe of internal combustion engine, which comprises the followings (E) and (F): 

(E) a catalyst giving an excellent light-off performance at low temperatures, comprising a carrier and a catalvst 

"T ^ • C3talySt lay8r C ° mPriSing 3 Pr6CiOUS mS,al a h^Si£?£ 
natability and/or a nitrogen dioxide absorbability and reusability and 

a^d a a n cS^v^ta!,'^? lyS, COmpri5in9 3 mon °'^ carrier, an adsorbent layer having a hydrocarbon adsorbability 
l3yer t haV,n9 3 three - wa y ^talytic activity or an oxidizing ability, the adsorbent layer and the catalyst 

Sr^t ^ ^ ^/"^^ ° n thS m ° n0lithic carrier in 311 or part of the cross ^tions of the adsorbent- 
catalyst perpendicular to the flow direction of exhaust gas. 

(This system is hereinafter referred to as the third aspect.) 

nf th^ rdi " 9 t0 . the invention ' there is furthermore provided a method for exhaust gas purification using one 

2rZH° r 6XhaUSt T PUrifiCati ° a C ° mpriSeS addin9 an oxidizin 9 9as^o an exhaust gasToe 
forf^^^^^ 

for a certain length of time during eng.ne cold start. (This method is hereinafter referred to as the fourth aspect.) 
Brl f Description of the Drawings 

ourS. i ll a - S H he T ti , C K draWin9 Sh ° Win9 pre P ara,ion s,e P s °< a catalyst used in the system for exhaust gas 
purification according to the present invention. 

Fig. 2 is a schematic drawing showing the preparation steps of a catalyst used in the present system 
Fig. 3 ,s a schematic drawing showing the preparation steps of a catalyst used in the present system' 
Fig. 4 is a schematic drawing showing the preparation steps of a catalyst used in the present system' 
Fig. 5 is a schematic drawing showing the preparation steps of a catalyst used in the present system' 
Fig. 6 is a schematic drawing showing the preparation steps of a catalyst used in the present system' 
Fig. 7 ,s a schematic drawing showing the preparation steps of a catalyst used in th present system' 
Fig. 8 is a sch matic drawing showing th preparation steps of a catalyst used in the present system' 
Fig. 9 is a schematic drawing showing the preparation steps of a catalyst used in the present system' 
Fig. 10 is a schematic drawing showing the preparation steps of a catalyst used in the present system 
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Fig. 11 is a schematic drawing showing the preparation st ps of a catalyst used in the present system- 
Fig. 12 is a schematic drawing showing the light-off temperatur tester used in the present invention. 
Fig. 13 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

5 Fig. 14 is a drawing showing an example of the system for exhaust gas purification according to the present 

invention. 

Fig. 15 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

Fig. 16 is a drawing showing an example of the system for exhaust gas purification according to the present 
10 invention. 

Fig. 17 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

Fig. 18 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

is Fig. 19 is a drawing showing an example of the system for exhaust gas purification according to the present 

invention. 

Fig. 20 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

Fig. 21 is a drawing showing an example of the system for exhaust gas purification according to the present 
20 invention. 

Fig. 22 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

Fig. 23 is a drawing showing an example of the system for exhaust gas purification according to the present 
inv ntion. 

2S Fig. 24 is a drawing showing an example of the system for exhaust gas purification according to the present 

invention. 

Fig. 25 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

Fig. 26 is a drawing showing an example of the system for exhaust gas purification according to the present 
30 invention. 

Fig. 27 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

Fig. 28 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

35 Fig. 29 is a drawing showing an example of the system for exhaust gas purification according to the present 

invention. 

Fig. 30 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

Fig. 31 is a drawing showing an example of the system for exhaust gas purification according to the present 
40 invention. 

Fig. 32 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

Fig. 33 is a drawing showing an example of the system for exhaust gas purification according to the present 
invention. 

45 Fig. 34 is a drawing showing an adsorbent used in the system for exhaust gas purification according to the present 

invention. 

Fig. 35 is a drawing showing an adsorbent used in the present system. 

Fig. 36 is a drawing showing an adsorbent-catalyst used in the system for exhaust gas purification according to 
the present invention. 

so Fig. 37 is a drawing showing an adsorbent-catalyst used in the present system. 

Detailed Description of the Invention 

The present invention is hereinafter described in detail. 
ss Th system for xhaust gas purification, which is the first asp ct, is dispos d in the exhaust pipe of int rnal com- 

bustion engine and comprises: 

a catalyst composition giving an excellent light-off performance at low temperatures, which comprises a precious 
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(a) an electron donatabilrty, and 

(b) a nitrogen dioxide (N0 2 ) absorbability and reusability. 

an ei^rr^ ">^°* * »»»-« «~ - a substance having 

» r,rioi^, 8Xha , U f ' PiP6, Wh8n 30 6XhaUSt 938 COmes into contact with a conventional catalyst comprising a carrier and 
, h k SUPP ° rted there ° n ' 31 ' OW toW*"-* «ne hydrocarbons (HC) and/or 2*o3^^J? 

toTht "f , 9aS / re adSO,bed ° n thS SUrtace ° f the P recious metal - Preventing the S» 

to the precious metal surface; as a result, the reaction of HC and/or CO with O s is prwented^TSie 22 

. SETS Z^T e HC adsorbed on ,he «- SH^^TiS 

at tolE^ inVemi ° n ' 3 com P osi « on 9Mng an excel.ent lights performance 

donoT) eT^sTe-') ITdZE^lT?? T "* * ™ e ' eCtr ° n Ratability (an electron 

pre.*™ meS tor HC a n^n «'«ctron donor to the precious metal, decreasing the adsorbability of the 

wZe * Te^t 1 t Jlt ^ aS , a : eSU,t - °2 adsorption takes place easily at the precious metal surface portions 
Th?^ rn 1 ^ I d0natSd 30(1 thS adsorb ability for HC andtor CO has been reduced and the reaction^ 

precis mil ^^T^^ 1 *" <* low-temperature lights performance comprises a 

is betow " haV,n9 3 nrtr ° 9en diOXkte — °**««y and re.easabi.fty (a nitrogen dioxide absorb" ' 

peraS'lo^^^^ T* 3 * ,hS combustib,e components contained in exhaust gas, at a tern- 

h« tem Perature light-off performance, whereby an improved purification ability is obtained The reaction 

X^.nT^ *C p,™,T„S TT! T Z C0 ^ 0 " enK a " a NO, ana the , 9a c„oo «,„»,L combu s ,,b,» 
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state operation and the absorbed and stored NC^ may b r leas d during th next cold start. Or, NO a may be absorbed 
by and stored in the nitrogen dioxide absorber during steady-state operation and the absorption and release of N0 2 
may take place simultaneously during the next cold start. 

The mode of conducting the absorption and release of N0 2 simultaneously is effective .n a system in which a 

s relatively large amount of NO is generated during cold start, or in a system in which a relatively large mount of NC^ 
can be introduced from outside. Meanwhile, in the mode of storing NC^ beforehand, NO a can be stored dunng steady- 
state operation by taking much time; therefore, the mode can be employed even when NO cannot be supplied suffi- 
ciently during cold start As a matter of course, the amount of N0 2 stored during steady-state operat.on for use dunng 
cold start varies depending upon the conditions of the steady-state operation. 

10 As mentioned above, the catatyst composition of low-temperature light-off performance according to this invention 

comprises a substance having at least one of the two functions, i.e. (a) an electron donatability and (b) a nitrogen 
dioxide (NO,) absorbability and reusability. k 

In the present invention, when the amount of the NO contained in exhaust gas is very small (this NO reacts with 
O, on the precious metal of the catalyst composition and generates N0 2 ) or when the amount of the N0 2 supplied 

is from outside is very small, the reaction mechanism based on the electron donatability of the electron donor becomes 
dominant and, owing to the low-temperature light-off caused by this reaction mechanism, the HC desorbed from the 

adsorbent is purified effectively. 

Meanwhile when the amount of the NO contained in exhaust gas is sufficiently large to generate a reaction heat 
which can act as a trigger of light-off (this NO reacts with 0 2 on the precious metal of the catalyst composition and 
so generates N0 2 ) or when N0 2 can be supplied from outside in an amount sufficient to generate a reaction heat whrch 
can act as a trigger of light-off, the reaction mechanism based on the nitrogen dioxide absorbability and reusability 
of the nitrogen dioxide absorber becomes dominant; in this case, the light-off takes place at even lower temperatures 
and a higher effect is obtained. As a matter of course, the reaction mechanism based on the electron donatability of~ 
the electron donor and the reaction mechanism (the mechanism by lights trigger) based on the nitrogen dioxide 
2S absorbability and releasability of the nitrogen dioxide absorber may take place simultaneously. 

In the reaction mechanism based on the electron donatability of the electron donor, the precious metal is necessary 
for the reaction between HC and 0 2 and/or the reaction between CO and O z . 

Meanwhile in the reaction mechanism based on the nitrogen dioxide absorbability and releasab.lrty of the nitrogen 
absorber the precious metal is necessary only for the reaction between NC^ and combustible components when N0 2 
so is supplied from outside; and when NO s is generated by the reaction between 0 2 and the NO contained in exhaust 
gas, the precious metal is necessary for the generation of NOa and also for the reaction between the generated N0 2 
and combustible components. . 

The precious metal acting to generate N0 2 (hereinafter referred to as "the generation PM" | and the precious metal 
acting to react combustible components and NC^ (hereinafter referred to as "the reaction PM ) may be the same 
35 precious metal or different precious metals. When the generation PM and the reaction PM are the same precous metal, 
they are naturally disposed at the same position (the nitrogen dioxide absorber is also disposed at the same position 
inevitably) When the generation PM and the reaction PM are different precious metals, they may be made of the same 
material or of different materials and may be disposed at the same position or at different positions. 

In the mechanism by light-off trigger, the following major reactions (1) to (3) take place on the precious metal. 
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45 



NO+^0 2 =>N0 2 0) 

Combustible components (e.g. HC, CO and H 2 ) + N0 2 

C0 2 +N 2 +H 2 0 < 2 ) 

Combustible components (e.g. HC, CO and H 2 ) + 0 2 => 

C0 2 + H 2 0 < 3 ) 

[The reaction (3) takes place after a heat has been generated in the reaction (2).] 
55 As the precious metal which gives rise to the above reactions and the reaction mechanism based on the electron 

donatability of th electron donor, at least on precious m tal selected from Pt, Pd and Rh is suitabl . Pt and/or Pd .s 
more suitable because, when Rh is us d, a NO x d composition r action and/or a NO x reduction reaction takes place 
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besides the abov reactions. 

» Je^r?,! 6 " 1 i " ven,bn '. the »u°*ance having an electron donatability and/or a nitrogen dioxide absorbability and 
releasability (the substance ,s hereinafter referred to as the electron donor andtor nitrogen dioxide absorber') is com- 
posed of a particular metal element or an oxide thereof (including a compound oxide) both having an electron donat- 
ability and/or a nitrogen dioxide absorbability and releasability. 

With respect to the electron donatability of the electron donor and/or nitrogen dioxide absorber, a metal oxide (MO) 

S^IL* iS th ° U9ht 10 have 3 higher electron donatability. Therefore, a substance having a higher 

solid basicity is preferred from the standpoint of electron donatability 

,wh "T^' Tf** t0 the nitf0gen diOXide absorbabilitv and releasability of the electron donor and/or nitrogen 
dioxide absorber, the following equilibrium (4) holds for any metal oxide (MO). 

MO + N0 2 <=> MN0 3 (4) 

Since N0 2 is acidic, a metal oxide having a higher solid basicity absorbs a larger amount of NO,. Meanwhile, a 
metal oxide having a higher solid basicity holds NCX, up to high temperatures and has a low NO, releasability Hence 
in the present invention, it is necessary to select a metal oxide having an appropriately high solid basicity. 

From this standpoint, there is mentioned, as the electron donor and/or nitrogen dioxide absorber suitably used in 
Trf^lT t 1 ,nVen,lon ' at least one element setected f ™ the group consisting of alkali metals, alkaline earth metals 
rare earth elements, transition metals and actinide elements, or an oxide thereof (including a compound oxide) 

Of the above substances, preferable from the standpoint of durability is at least one element selected from the 

ZZST^fJi C& ; ^ Sr> ^ Y ' T " Zr ' * ^ Ce " Pr ' Nd ' ™ and U ' or 30 «W (including a 

compound ox.de). Particularly preferable from the standpoints of cost, durability, etc. is at least one element selected 
from the group consisting of Cs, Mg. Sr. Ba, Y, Z, Hf. La. Ce and Th, or an oxide thereof (including a compound oxide) 
,oJ J* Pr8 f, ,nvent,on - rt is Parable to add CeO, (which has an 0 2 stability and releasability) to the catalyst 
composrt,on of ow-temperature light-off performance to promote the reaction between HC and 0 2 based on the electron 
donatability of the electron donor and/or the reaction between combustible components and L caused by the heat 
g nerated by the mechanism by lights trigger. Moreover, the addition of CeC^ widens the operational range (window) 
of three-way catalyst and consequently enhances the performance of three-way catalyst during steady-state operation 
•ST"' CSt !! y8t composition of "ow-temperature light-off performance contains Rh, Rh tends to form a solid . 

solution wrth Ce0 2 or the like and is deactivated; therefore, it is preferable that Rh and CeO, are contained apart in 

™!h?? Y ^ P0srt,0n Ce °2 is P^*«rably used in the form of a compound oxide with ZrO, because the compound 
oxide has a higher oxygen storage capability. 

«,* Ne ^' descri P tio " is made on the adsorbent having a hydrocarbon adsorbability. used in the first aspect The ad- 
*Z Ih™? ah y d ^ bon i a dsorbability includes zeolite, active carbon, etc. In order for the adsorbent to be disposed 
n an exhaust pipe, the adsorbent must withstand at least 500»C and is composed mainly of preferably zeolite SAPO 
iresS rjr° t Ph ° SPha K e) ' ALP ° ( alumin °P^ate) or the .ike. particular* preferabfy zeolite. The zeolite used in the 
present invention may be a natural or synthetic product, and there is no particular restriction as to the kind of the zeolite 
d^hS 2 n Z HK h T5 30 Si0 ^ AI 2°3 molar ratio of 40 or more is preferable from the standpoints of heat resistance.' 

tZtnlT* * T * 3 Ze ° lite haVi " 9 an Sty"*** mo| ar ratio of 80 or more is more preferable. Typical 
examples of the preferable zeolite are ZSM-5. USY. (J-zeolite, silicalite and metaltosilicate 

nn«, ^if 8 f * °" ,eS USed Si " 9 ' y ° r in combina,ion of a Plurality of zeolites. Use of a plurality of zeolites of different 

sma.l ^2 h °° mb,natl0n / ,s P re,erable because « allow the adsorption of various hydrocarbons ranging from 
small-molecule hydrocarbons (e.g. ethylene and propylene) to large-molecule hydrocarbons (e.g. toluene and xylene) 
This plurality of zeolites may be present in the adsorbent in a mixed state or may be disposed in a plurality of teyers 
When the adsorbent ,s used by being supported on a carrier, the plurality of zeolites may be supported on the carrier 
«mH° m 6 nt thS f ' OW Path °' GXhaUSt 93S: tor exam P ,e ' the P' urali 'y °» oolites may be supported on one 

dffferent irriere Cam ° r * ^ " pStream Side ° f ,he carrler and a < the downstream side, or, may be supported on 

ari J^ lt,S Ca ^ 8 PSr 86 33 thS ad8orbem but - in ° f der to control coking which occurs simultaneously with the 

^ ^ k L ' " 13 Pfe,erred 0131 31 least ° ne precious metal selec,ed ,ram Pt - Pd. Rh, etc. is supported on 
zeolrte, whereby the adsorbability of zeolite can be regenerated without any deterioration. As the precious metal which 

S^St'TT ° n S ' Pd iS pre,erab,e - because " is mos t inexpensive and has a high ability for regeneration 

o Z^'i Z1Z l SUPP K° rt PreCi ° US mSta ' °" 2e0lite * an i0n SXChan 9 e method is pre ' rable fro "i the standpoint 
of thermal stab, ty when th precious m tal is supported directly on zeolite. When a pr cious m tal supported on an 

Lnn^K l e 9 J°^ alumina ) j s mixed with zeolite, not only z olite can be reg nerat dsuffici ntly. but also this 
approach is pref rable b cause th adsorbent has ven a catalytic activity 
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As mentioned above, when a pr cious metal is supported on zeolit , the precious m tal has not only the ability 
for zeolite regeneration but also a catalytic activity. However, the precious metal in zeolite is liable to cohere and gives 
poor catalytic durability. Hence, when the adsorbent is allowed to have a catalytic activity, it is preferable to allow a 
catalyst component to be contained in the adsorbent apart from zeolite. In addition to a precious metal. th.s catalyst 
s component may be an electron donor and/or nitrogen dioxide absorber such as contained in the catalyst composition 
of low-temperature light-off performance. In this case, the catalyst component contained in the adsorbent exhibits a 
catalytic activity from lower temperatures, showing a higher effect for the purification of the HC desorbed from the 

3dS VWen the adsorbent contains a catalyst component, the addition of a rare earth element oxide (e.c. Ce0 2 . La 2 O g 
w or Ce0 2 -Zr0 2 )having an oxygen storage capability, to the adsorbent is preferable because the three-way performance 
of the catalyst component during steady-state operation is enhanced. 

It is also preferable to allow zeolite to contain at least one ion selected from the ions of group IB elements (Cu, Ag 
and Au) of periodic table, because the resulting zeolite can have an improved HC adsorbability. The content of the ion 
in zeolite is preferably 20% or more, more preferably 40% or more based on the Al atom in zeolite because a low 
75 content of the ion gives only small improvement in HC adsorbability. 

In the system lor exhaust gas purification according to the first aspect, it is preferable from the following reason 
that the adsorbent is disposed upstream of the catalyst composition of low-temperature light-off performance in the 
flow path of exhaust gas, or the adsorbent and the catalysl composition of low-temperature light-off performance are 
disposed at nearly same positions in the flow path of exhaust gas with no distance taken between them (for example, 
so they are used as a mixture of in piled-up layers). That is, in the present invention, the adsorbent adsorbs the HC, etc. 
contained in the exhaust gas generated in an internal combustion engine during the cold start and, as the temperature 
of the adsorbent is elevated by the exhaust gas, desorbs the adsorbed HC. etc.; therefore, when the catalyst compo- 
sition of low-temperature light-off performance is disposed downstream of the adsorbent in the flow path of exhaust 
gas or very closely to the adsorbent in the flow path of exhaust gas, the purification efficiency for the HC, etc. generated 
ss during cold start is enhanced remarkably. When the adsorbent contains a catalyst component, the HC, etc. desorbed 
from the adsorbent is purified even by the adsorbent itsetf. This catalyst component is preferably a precious metal and 
an electron donor and/or nitrogen dioxide absorber, both such as contained in the catalyst composition of low-temper- 
ature light-off performance. „,♦. 

In the present invention, the HC, etc. adsorbed by the adsorbent is desorbed with the rise m adsorbent temperature 
30 and purified by the catalyst composition of low-temperature light-off performance. As mentioned previously, the catalyst 
composition of low-temperature light-off performance used in this invention, as compared with conventional catalysts, 
gives light-off ata lower temperature owingto the reaction mechanism based on electron donatability and/or the reaction 
mechanism based on nitrogen dioxide absorbability and reusability; as a result, the difference between- the .nrtal 
temperature of HC desorption from adsorbent and the light-off temperature of catalyst composition is small and the 
as HC generated in a large amount during cold start can be purified effectively. 

In the system for exhaust gas purification according to this invention, other catalyst(s) for exhaust gas purification 
may be disposed upstream an/or downstream of the adsorbent and the catalyst composition of low-temperature light- 
off performance in the flow path of exhaust gas. Preferably, the other catalyst(s) contains (contain) a catalyst compo- 
sition of low-temperature light-off performance. 

40 m the first invention, the application forms of the catalyst composition of low-temperature light-off performance 

and the adsorbent have no particular restriction. For example, the catalyst composition and the adsorbent may be 
shaped into respective structures by themselves. Or, they may be supported on respective carriers. 

Description is then made on the second aspect. In the system for exhaust gas purification according to the second 
invention, the catalyst giving an excellent light-off performance at low temperatures (hereinafter referred to as the 
45 catalyst of low-temperature light-off performance" or simply as the catalyst") comprises a carrier and a caitalyst layer 
supported thereon, the catalyst layer comprising a precious metal and an electron donor and/or nitrogen dioxide ab- 
sorber The mechanism of exhaust gas purification by this catalyst of low-temperature light-off performance 1S the same 
as that by the catalyst composition of low-temperature light-off performance of the first invention. In the second inven- 
tion however, the catalyst of low-temperature light-off performance is constituted by supporting, on a particular carrier, 
so a catalyst layer comprising the same precious metal and same electron donor and/or nitrogen dioxide absorber as 
contained in the catalyst composition of the first invention. ...... 

There is no particular restriction as to the kind of the carrier, and various carriers such as monolithic carrier, pellets, 
beads ring and the like can be used. Of these, a monolithic carrier is most preferred. The monolithic carrier .s generally 
called a honeycomb structure and refers to a structure having a large number of passages (cells) divided by partition 
55 walls. The monolithic carri r is preferably mad of a ceramic (e.g. cordierrt or mullite), a foil-shaped h at-res.stant 
stainl ss steel (e.g. Fe-Cr-AI alloy) or a hon ycomb-shaped m tal produced by powder metallurgy. 

Th passages (cells) of the monolithic carrier may hav any desired shape such as circle, polygon, corrugate or 
the like The monolithic carrier is produced so as to have a desired external form suited for the ins.de structure of the 
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exhaust gas lin m wh.ch rt .s deposed. There is no particular restriction, eith r. as to the cell density of monolithic 
earner, but the cell density is pr ferably in the range of 6-1 500 eels/In* teoft (6 9 2M » iT? ^ ^ 
thickness of monolithic carrier is preferably 50-2 000 urn cells/cm^. The P artrt.on wall 

prefe^rTs^'m^ T^J? TOn P° rous - P™-* of the monolithic carrier is not restricted but is 

preferably 0-50% more preferably 5-25% from the standpoints of the strength, oxidation resistance corrosion resist 

so that the earner can be e.ectrically heated (such a monolithic carrier is ca.led a honeycomb SaST^S to 
^e 2SS, 1 ? 6 "^^k 0 ' ° f low - tem P era ture lights performance can S enhaSS' 

When the precious metal and the electron donor and/or nitrogen dioxide absorber are mixed in the catalyst laver 
° n H he C3rrier ° f the teyer conMnln B ,he P recious ™<a. ^d the layette £ S elect™ 
So , l r09en abSOfber are su PP° rtedon 016 * P»»*up 'ayer. the precfous mauZS me eleSran 

S no^ TT t° X,de abSO * er natUra " y diSp ° Sed at near, V «"» P 05 ^" the flow ^exhatsfSs 
wrth no distance taken between them. Particu.arty in the former case where the precious metal andtfie SS^ SS 
andtor nrtrogen d,oxide absorber are mixed in the catalyst .ayer and are supported on the cal^e ^Tc^ 

a T^: n T ,OUS metel e,eCtr ° n d0n ° r and/ ° r ^ide absorber is high and as a 

g nerated on the precious metal is efficiently absorbed by the electron donor and/or nitrogen dioxide abater FurtS 

ZZZZET CaS6 ' N ° 2 re ' eaSed ,r0m e ' eCtr0n nitr °9 en dioxide -birt«^^Sa^^ 

combust.ble components on the precious meta.. Furthermore in the former case, the high degjrf Sao^i^ 

9 M™2ZZ T° r and/ ° r nitr ° 9en di ° Xide abSOfber P romises easier electee on " 

dioxSe ab to* 6 ?!i y C °" ta ^ ,n 9 * e P fecious m ^l and the layer containing the e.ectron donor and/or nitrogen 

p Sus n^ lZLlT , °" T rri8f in Pited - UP ' ayere ' thS SffeCtS simila ' to *° f °«™ case (whe^he 
n lt!!? a u ^ donorand/or nrtrogen dioxide absorber are mixed in thecatalyst layer and are auDDOrted 

0b t ta,n f d because *° P*"ou. metal contained in its layer and the e.ectron ZT^Z ^Tn 
dioxde absorber contained ,n ,ts layer have sufficient contact with each other at the boundary of the two layers Sen 

STT £ "f thS eleCtr ° n d0n0r and/ ° r nitrOQen dioxide absorber have greatly di Jen ^uLSces^d 
riseT.T Cata,ys : layer ' " is hi 9 h| y P«*»«* «hat when either one of them haying a S£E^ 
3iS£T n, JrT haVi " 9 3 hi9h h6at rSSiStance b involved in the cohesion. Such a p^S cTbe 

=:^b^ 

o^ a it" UPP m C ° ntainin9 thS e,eCtr ° n d0n0r and/or nitr °9 en di °*^ absorber i "KnS ^TZerZer 
« Z NO r « °' " a 2 SOrp,, ° n ° f ^contained in exhaust gas. on precious metals NC^ generaton Jno^ Z5 

smSty d ' ffUS,0n ~ r6aCti0n * rS,eaSe ° f reaCti0n Droducte < CO * ^ *c?into exhaust gasman p^eS 

on ^ZT^l^* ° f 1"**" ™™ S ^ lhey may be COn,ained in res P ect ™ and supported 
iw&peciive layers and supported on the earner in piled-up layers 

Qend1o^r a bl7hT a !he ' ayer CO " tainin 9 the P recious metal and the layer containing the electron donorand/or nttro- 
^^^Z^S^S "I T m0n °' ithiC Carri8rS ° r Wh6n th6y are SU PP° rted on one «™ monolE 

absorbL^tor^re^r C °" taCt betWe8n ** Pr6Ci ° US m6,al and ,he e,ec,ron donor •n*' «"^en dioxide 

2£?n t oien o2SSS ^ ^ ^ ^ ^ W " ere the preciOUS metal «- el ^ron donor 

and/or nrtrogen diox.de absorber are supported in a mixed state or in piled-up layers, are inferior in the absorbab.X 

so^er 2 Srcl e bus7ib P r ,0lJS T * N ° 2 UOm *>™ 

sorber. w.th combust.ble components on pr cious metal, and th donatability of electrons However these cas s ar 

are supported in p.led-up layers, from the standpoint of prevention of the above-mention d orobl m th». whlnTh 
w3^ n me,a ' ^ e,eC,r0n d0n ° r nit '°9- dio - d Absorber have gr^^eL't hea" Stance and 

when ertheroneof them having a low hea, resistance gives rise to cohesion even thlotJnt having a h "n neat S 
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is invoiv d in th coh sion. 

When the layer containing the precious metal and the layer containing the electron donor and/or nitrogen dioxide 
absorber are supported on different monolithic carriers, there is an advantage that the carriers may have different 
diameters and/or cell structures or may vary in kinds. Meanwhile, there is no such advantage when the layer containing 
s the precious metal and the layer containing the electron donor and/or nitrogen dioxide absorber are supported on one 
same monolithic carrier apart in the flow path of exhaust gas; however, in this case, as compared with the former case 
where the layer containing the precious metal and the layer containing the electron donor and/or nitrogen dioxide 
absorber are supported on different monolithic carriers, the precious metal and the electron donor and/or nitrogen 
dioxide absorber can be disposed closely and, moreover, there is no heat loss between carriers as seen when different 
10 carriers are disposed apart. 

Also in the second aspect, as mentioned in the first aspect, the generation PM and the reaction PM may be the 
same precious metal or different precious metals when N0 2 is obtained by the reaction of NO contained in exhaust 
gas, with 0 2 - When the generation PM and the reaction PM are different precious metals, they may be mixed in the 
catalyst layer; or, the catalyst layer may be divided into two layers, i.e. a layer containing the generation PM and a 
is layer containing the reaction PM, and the two layers may be supported on different monolithic carriers or on one same 
monolithic carrier in piled-up layers or apart at different positions (for example, at the upstream side of the earner and 
at the downstream side). In these cases, the electron donor and/or nitrogen dioxide absorber may be contained in at 
least either one of the layer containing the generation PM and the layer containing the reaction PM; or, a layer containing 
the electron donor and/or nitrogen dioxide absorber may be prepared and may be supported on a monolithic carrier 
20 where the generation PM-containing layer and the reaction PM-containing layer are supported or on a monolithic carrier 
where nothing is supported. 

As mentioned above, the generation PM, the reaction PM and the electron donor and/or nitrogen dioxide absorber 
can be disposed in various modes. They, however, are preferably disposed closely to each other. 

When the generation PM (this is unnecessary when N0 2 is supplied from outside or when only the reaction mech- 
2S anism based on electron donatability is utilized), the electron donor and/or nitrogen dioxide absorber and the reaction 
PM are disposed in this order in the flow path of exhaust gas with the generation PM disposed most upstream, each 
of them can fulfill its task even if they are disposed apart, and a cycle of (NCV, generation =*) N0 2 absorption and 
storage ^ N0 2 release reaction can occur effectively. However, it is preferable that the electron donor and/or nitrogen 
dioxide absorber and the reaction PM are disposed at nearly same positions in the flow path of exhaust gas with no 
30 distance taken between them, in order to make active the reaction of N0 2 released from electron donor and/or nitrogen 
dioxide absorber, with combustible components on precious metal. When the NOa to be reacted with combustible 
components is produced from the NO contained in exhaust gas, it is preferable that the generation PM as well is 
disposed very closely to the electron donor and/or nitrogen dioxide absorber in the flow path of exhaust gas with no 
distance taken between them, in order to increase the absorbability of absorber for N0 2 generated on generation PM. 
35 in the catalyst layer of the catalyst of the second aspect, the kind of the precious metal, the kind of the element or 

oxide thereof constituting the electron donor and/or nitrogen dioxide absorber, etc. are the same as in the catalyst 
composition of the first invention. As in the first invention, it is preferable to add CeCfe to the catalyst layer. 

To the catalyst layer may be added a heat-resistant inorganic oxide having a large specific surface area, as a 
substrate on which the precious metal and/or the electron donor and/or nitrogen dioxide absorber is supported in a 
40 highly dispersed state. As the substrate, there can be suitably used active alumina, zirconia, silica, titania, zeolite, etc. 
Of these, an active alumina having a specific surface area of 50 rr^/g or more is preferred. By supporting the precious 
metal on such an active alumina of large specific surface area, not only the precious metal can be supported in a highly 
dispersed stage, but also the contact area between the precious metal and exhaust gas can be made large. 

In the catalyst layer, the precious metal may be supported directly on the electron donor and/or nitrogen dioxide 
45 absorber In this case, the degree of contact between the precious metal and the electron donor and/or nitrogen dioxide 
absorber is higher; the transferability of N0 2 is higher; and the donatability of electrons is higher. When the electron 
donor and/or nitrogen dioxide absorber as well is supported on active alumina, the degree of contact between the 
absorber and exhaust gas can be enhanced. Therefore, it is one preferable approach that both the precious metal and 
the electron donor and/or nitrogen dioxide absorber are supported on an active alumina powder to prepare a catalyst 
so lay r and this catalyst layer is supported on a monolithic carrier. 

With respect to the amount of precious metal used, too small an amount gives no sufficient catalytic activity and 
too large an amount causes cohesion (this results in reduced dispersion) and invites a higher cost. The amount of the 
precious metal used is, when a monolithic carrier is used, preferably 10-700 g/ftf (volume of monolithic earner, more 
preferably 30-250 g/ft 3 (volume of monolithic carrier). 
ss Whenth precious m tal is supported on th above-mentioned substrate or on the electron donor and/or nitrogen 

dioxide absorber, the amount of the precious metal support d th reon is pr f rably 0.1-30% by weight bas d on th 
amount of the substrate or the absorber. When the amount is less than 0. 1 % by weight, there is a problem in durability 
When the amount is more than 30% by weight, there is a problem in dispersibility of precious metal. 0. 1 -1 5% by weight 
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is more preferable when a cost factor is taken into consideration 

D r e f^b^i 0 1 , ^^ el ^ t T^ 0 : an ^ nrtr ^ endi0XW ^^^edis.whenthecarrierisamonolithiccamer. 
preferably 0.005-1 0 g/cc (volume of monolithic carrier). When the amount is less than 0.005 g/cc. the effect of the 

ZS^ZT^ ^ en l he amount is more 10 **- a far9e pressure ^ «*•»■ * e J£ 

^d/or n.trogen dioxide absorber is supported on a substrate such as active alumina or the like, the amount of the 

th^n,^ i ickn8SSOf ^^talyst layer formed on the carrier ispreferably 10-150nm. When the thickness is smaller 
than 10 pm. there ,s a problem ,n durability. When the thickness is larger than 150 pm, the diffusion of exhaust qas 
.nto the .merer of the catafyst fcyer is difficult, making impossible the effective utilization of the catalyst ^er interS- 
^f' desc "P tlon « made on examples of the method for production of the catalyst of low-temprature light-off 

fm^r^n aCC ?^ 9 SSCOnd aSpeCt " ^ pr0dUCtion me,hods the fo,,owin 9 two n-h ^thods. T.e. an 

3 Pr ! ttopi " 9 meth0d Whlch differ in ,he ^ ot SU PP<"«"9 the precious metal and/or the 
electron donor/and or nrtrogen dioxide absorber. 

Impregnation method 
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Active alumina, which later becomes a substrate for high dispersion of a precious metal and/or an electron donor 
TZa^Z ^ 13 T °° 3 C3rrier ' f ° ,IOWed bV flring > t0 prGpare an a »^'na-coated carrier. The 

SST^nS^ " PP ' n 3 S . ti0n ° f 3 PreCi ° US ^ M m e,eCtr ° n donor M nitr °9 en dio * ide 
aSr^I h PP 5r PreCt ° US and/ ° r e,eCtr ° n d0n ° r and/ ° r nrtr °9 en dioxids ™ *° Alumina, 

" ^ dry,ng fim 9 are conducted. Alternatively, an electron donor and/or nitrogen dioxide absorber is sup- 

JTnr^T^ °° + a , ^ e,eCUOn d0n0f andtor nitr °9 en dioxide absorber-supported carrier is dipped in a solution 
o a precous metal; and dry ,ng and firing are conducted. As an another approach, alumina and an electron donor arS 
or nrtrogen d,ox,de absorber are supported on a carrier; the resulting carrier is dipped in a solution of a precious metal 
and, as necessary, an electron donor and/or nitrogen dioxide absorber; and, drying and firing are conducted. 

Pr doping method 

oowir « and ?r e,eC, „ r ° n d0n ° r and/ ° r nitrOS8n di ° XidG abS0rber fe s "PP° rted °" a " a «™ alumina ■ 
Sill T' 3 the resulting alumina powder is coated on a carrier, followed by firing. Incidentally, the 

^SS^SH TffT abWber may be added as necessa( y- When two or Le kinds o 

Dowotr JT2T!lS ™ "h ' H? eS8 different PreCi ° US met3,S are miXed "* then su PP° rted ° n 30 alumina 
£2TJ^ elect ron donor and/or nrtrogen dioxide absorber powder, it may invite alloying between the precious 

s^n^ t T H deter '° ra,i0n ° f *»" P 8rtormanc «- Hence, when two or more kinds of precious metals are 
l ^tu^anll ZuZ P H re P ar ^ ifferen t alumina powders each supporting a different precious metal, for example. 

deTs J? w 3 Pd " SUppor,ed a,umina P° wder a " d a Rh-supported alumina powder, mix these p^ 
aers, ana coat the mixed powder on a carrier. 

im^'J^n* t0 , th ^ UP f 0rt i n r f 3 PreCi ° US metal ' ,he P red °P in 9 method is preferredto the impregnation method 
from the standpoint of the durability of the resulting catalyst 

»h J^f ' deSCription is made on * e adsorbent used in the second aspect. The adsorbent comprises a carrier and a 
SSZTJS*! hT 9 3 hyd [° carbon absorbability, supported thereon. There is no particular restriction as to the kind 
ot the earner, and there can be used various carriers such as monolithic carrier, pellets, beads, ring and the like Of 
to^fo«t rri8r r' a m ° nolrthic carrier is P^erred for the same reasons as mentioned with respect to the catalyst of low- 
S^dsoSn,^ :?!■ adS ° rb6nt ' ayer ° f thS adSOrbem iS pre,erab,y imposed mainly of zeolite as is so 

, JT P f ?- S, °2 /A, 2°3 rat, ° of zeolite - lh e addition of precious metal, group IB element, etc. to zeolite, 
and so forth can be appl.ed to the adsorbent layer of the adsorbent of the second aspect 

laver^amo^S It ™ n0miC T!" * to SUpP ° rted ° n ,he zeo,ite ^"stituting the adsorbent 

Snd^in,! ? h 1 . PreC ' 0US meta ' su PP° rted is P^erably 5-200 gfifi (volume of monolithic carrier) from the 
EZT- L h K ent C ° St re 9 eneratabil "y- ^e zeolite may contain, as necessary, 5-20% by weight of £ 

OS, \ S A 'f 3 ' Si ° 2 ° r likS ' Str ° ng M be,Ween adsorbenTlayer and carrier can Te 

obtained without impairing th absorbability for HC, etc. 

ad L ^ in, ^ d8d J° i'° W * adsorbent to hav a ^talytic activity besid s the hydrocarbon absorbability, th 

2m™l, I! . "t can contain a catalyst component as in the adsorb nt of the first aspect. This caLlyst 

S£Tn * ^ T T 3 Pf , C, ° US meta ' and ^ elec,ron donor and/or nitr °9en dioxide absorber, both such as con- 
tamed ,n the cataiyst toyer of , ne catalyst of low-temperature Cght-off performance. Alternatively, a layer containing a 
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catalyst component may be formed on the adsorbent layer or betw en the adsorbent layer and the carri r. For example, 
it is one preferable approach from the standpoint of adsorbent durability to support, on a carrier, an adsorbent layer 
made of zeolite and a layer comprising (a) an heat-resistant inorganic oxide (e.g. active alumina) and (b) a precious 
metal and an electron donor and/or nitrogen dioxide absorber, supported on (a). In this case, formation of the catalyst 
5 component-containing layer on the adsorbent layer gives a higher catalytic activity. The catalyst component-containing 
layer may further contain a rare earth element oxide. 

When the carrier of the adsorbent is a monolithic carrier, a blowing-through portion may by formed in part of the 
monolithic carrier so that and exhaust gas to be purified can blow through the portion. This blowing-through portion is 
a hollow portion or a portion no catalyst layer is supported (i.e. a non-supported portion), both extending from the 
io exhaust gas inlet to the gas outlet. The hollow portion or non-supported portion may be present at one or more places. 
The cross-sectional area of the hollow portion or the non-supported portion is preferably smaller than 50% of the cross- 
sectional area of the monolithic carrier. The blowing-through portion is preferably formed substantially parallel to the 
passages (cells) of the monolithic carrier. Preferable embodiments of the adsorbent having a blowing-through portion 
includes, for example, those shown in Figs. 34 and 35. In these figures, 41 is a monolithic carrier and 44 is a blowing- 
's through portion (a hoilow portion). 

The system for exhaust gas purification according to the second aspect is constituted by disposing the catalyst of 
low-temperature light-off performance and the adsorbent in the exhaust pipe of internal combustion engine. The mech- 
anism of exhaust gas purification using this system is the same as the above-mentioned mechanism of exhaust gas 
purification using the system for exhaust gas purification according to the first aspect. In the system of the second 
20 jnv ntion as well, it is preferable that the adsorbent is disposed upstream of the catalyst of low-temperature light-off 
performance in the flow path of exhaust gas, for the same reason as in the system of the first invention. In the second 
aspect, it is possible that the adsorbent and the catalyst of low-temperature light-off performance are formed in one 
monolithic carrier by supporting the catalyst layer of the catalyst of low-temperature light-off performance and the 
adsorbent layer of the adsorbent on the different positions (for example, the upstream side and the downstream side) 
25 of one monolithic carrier. In this case also, it is preferable that the adsorbent is present at the catalyst of low^emperature 
light-off performance is present at the downstream side of said path. 

In the system of the second aspect, the numbers of the catalyst of low-temperature light-off performance and the 
adsorbent both disposed in an exhaust pipe may be each one, or at least one of them may be two or more. Other 
lement, for example, an adsorbent-catalyst as mentioned in the third aspect described later may be disposed in 
30 combination with the catalyst and the adsorbent. 

Preferably, these elements are combined appropriately and disposed continuously in the flow path of exhaust gas so 
that the HC, etc. generated during cold start can be purified efficiently. 

In the system, it is preferable that the adsorbent layer of at least either of the adsorbent and the adsorbent-catalyst 
contains a precious metal and an electron donor and/or nitrogen dioxide absorber, both such as contained in the catalyst 
35 layer of the catalyst of low-temperature light-off performance, or that the catalyst of low-temperature light-off perform- 
ance is disposed downstream of the adsorbent or the adsorbent-catalyst. 

Other catalyst(s) for exhaust gas purification may be disposed upstream and/or downstream of the adsorbent and 
the catalyst of low-temperature light-off performance in the flow path of exhaust gas, or between the adsorbent and 
the catalyst low-temperature light-off performance. When this other catalyst for exhaust gas purification is disposed 
40 upstream, it causes light-off at an early timing owing to the high temperature of exhaust gas and the heat generated 
by the reaction is transmitted to the catalyst, etc. disposed downstream. When the other catalyst for exhaust gas 
purification is disposed downstream, it receives the heat generated by catalyst of low-temperature light-off performance 
and causes light-off at an early timing, and assist the purification of the HC, etc. desorbed from the adsorbent and the 
adsorbent-catalyst. Preferably, the other catalyst(s) for exhaust gas purification as well contains (contain) a precious 
45 metal and an electron donor and/or nitrogen dioxide absorber, both such as contained in the catalyst layer of the catalyst 
of low-temperature light-off performance. 

In order to obtain an improved purification performance (mainly during steady-state operation) in the whole of the 
FTP test so as to meet the tightened exhaust gas regulation of U.S., it is preferable that at least one of the other 
catalysts for exhaust gas purification, disposed upstream and/or downstream of the system has a certain volume (about 
so 50-150%) relative to the engine displacement. When the other catalyst is disposed upstream, there is an advantage 
that this catalyst of relatively large volume reaches high temperatures during steady-state operation owing to the heat 
of exhaust gas and shows a high catalytic activity. When the other catalyst is disposed downstream, there is an ad- 
vantage that the heat of exhaust gas generated during cold start can be transmitted to the catalyst of low-temperature 
light-off performance without being absorbed by the other catalyst of relatively large volume. 
55 |n the syst m, it is preferabl that the individual elements are disposed in an exhaust pipe closely to ach oth r 

so that the reaction h at g n rated in the catalyst of low-temperature light-off p rformance, etc. can be quickly trans- 
mitted to th other catalyst, etc. located downstream and thereby the light-off the other catalyst, etc. can be promoted. 
Next, description is made on th third aspect. With respect of the catalyst giving an exc llent light-off performance 
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31 !°ri.? iP8r !l UreS (hereinafter referred to a s the cataVst of low-t mperature light-off p rformanc - or simotv as the 

ZZZSST T*^* Ca !f mUti ° n and PUrifiC3ti0n mecna "^ ^ the cataiysTof low-temper^ Hgh^off JST 
9 ? S6COnd aSPeCt " ThS adsorben t-catalyst of the third aspect comprises a monolrthiTcarrier Z 
adsorbent teyer havmg a hydrocarbon absorbability and a catalyst layer having a three-way cata^ic actSSv or m 

to ST-SL?* T ^ * 9 adsoroent ^lyst perpendicular to the flow direction of exhaust gas With respect 
to meadsorbent layer, its constr.ut.on, etc. are the same as those of the adsorbent layer of the adsorbent in the S 

The catalyst layer contains at least one precious metal selected form Pt, Pd and Rh, in order to be able to exhibit 

^rbtlcr?^? lay H r fU f ^ C °T tainS - bSSideS pr6CioUS meta, < an e,ec,ron d °™ and/or "'trogen dioxide 
2£? i^f ? 03131781 ,3yer 01 th8 CatalySt of 'ow-temperature light-off performance whereby he 

catalyst layer can cause hght^ff at lower temperatures and, together with the catalyst of ^empei^re 

^SS^d^JSSSSSK to the e -** teyer is pre,erab,e because the laye — 

on the mto^*r , " Cata,yS I ! °' ^ thW 3SpeCt ' the **»*«« layer and the catalyst layer are separately supported 
T ! T " a " ° f P3rt ° f ,he CrOSS SeCtions of the catalyst-adsorbent perpendicular to the flow dirStan 
of exhaust gas. A preferable example of the adsorbent^ata.yst is a monolithic structural as show^in Fig ^ S 

epical Jhl CT< Z a !? 0n PerpendiCU ' ar 10 the f ' OW direCti ° n ° 1 " exhaust 9- to be purified an^sTormedTa 
cyl^dncal shape extending parallel to said flow direction and in which a catalyst layer is supported on the TnnTcJin 

outTr fSS^i 7T r'" 8, h3Vin9 " me 3X15 38 the SUUCtUre and - aLrbent Tayer is supp3 ont e 
Z ZnZl ^t ' 'T ^ CrOSS - sectional area of the portion of which the catalyst layers support 
ire! £? h T ? f er / e,errsd to as the ca ta'yst portion"), is particularly preferably 5-80% of the cross^ectiorS 
area of the structure, for the early ignition of the catalyst portion cross^ectionai 

portion^ ^rSab^f ** ft" 0 ^ 01 '* (th ' S P 0 * 0 " is hereinaftef refe " ed to as the adsorbent 

portion ), Preferably has a small temperature elevation rate so that the initial timing of desorption of the HC adsorbed 
during cold start becomes as late as possible. Meanwhile, the catalyst portion preferabfy has a laVge tLpeTa^e 
elevation rate so that me ignition of the portion takes place as early as possible Therefore it i ZeSbtexoaZ^Z 
adsorbent portion to have a larger heat capacity than the cata.yst portion by various me^s foV example S 

th,C ^r h ° f adSOrt>ent P ° rti0n - (2) makin 9 hi 9 her the ce » <* thl TaSorbenSn 3 mat no 

Sa^ 

portran and (5) supporting a larger amount of an adsorbent layer on the adsorbent portion The reverse is true for the 
catalyst portion and various methods can be employed in order to allow the catalyst portion to have a srSe hS 

f^T, POrt 'T- (2) makin9 ^ thS Ce " densft y of the cata, y st P°rtion, and 3) supporting a sm^SamountS 
l^l frT P ° rti0n ' bSC3USe thSSe methods «" allow the catalyst Portion to ImL *Z?Z£ 

fronta area and consequent^ can endow the catalyst portion with a smaller heat capacity and a loTpressu?* * o2 

sme Jr thi ,hT fab K e 1°^ *" ^ °' 31 ,eaSt ° f the P°^" tne flow dIri^ P o7Snei^B. 

is rn^l? ? 6 T 0t 3dSOrbem in th8 Same direction - Thereb V- * e " aa t capacity of £ catelyS poSn 

s made smaller; the pressure loss of the catatyst portion is made lower; a larger amount of an exhaSt oas oasses 

^^SZ^T Tr? ,h 7 n9ine aCCe,er3tbn ' 3nd thS ^ >° rtion iS ^ - ^-^tSno'lS 
thP mnnoL 9 ^ * POrtl0n °' Sma " 8r length ^ be ob,ainecl b V supporting a catalyst layer only on part of 
the monohthic earner portion other than the adsorbent portion, extending in the flow direction of exhaus"qas Su<J, a 

c^ 

42 TZ Z Ti T 1 3 1 mak " 19 h0 " 0W P3rt ° f 3 m ° n0li,hic 41 to the length of the catalyst portii 

r,he alt^T 7 T. aU , S T"' Sma " er thS ,en9th ° f the adsorbent P° rtio " «" the same direction 
the. ill adsorben ^"V 51 of the third aspect, the catalyst portion and the adsorbent portion may be provSd so 

^ pr^io Jat to SUrr ° Und r d ^ ^ ° then ° f either ° f b ° th °' ^ P° rtion ^em p'rti^ 

be provided at two or more places. It is also possible that the front end (gas inlet) or back end foas outle tToMhe 
adsorbent-catalyst or at least part of the cross sections of the adsorbent Jta^st perpe^ular To VSto^ecZn * 

o^n 93S , B , ^ ° r P3rtia " y ™ 3dSOrb9nt I* 3 "™ ° r a ""y* P° rtio " and that thT adsorbent port^oT the ^s 
portion is not continuous in the flow dir ction of exhaust gas. catalyst 

The system for xhaust gas purification according to th third aspect is constituted by disposing the catalvst of 

^c P hTn ism TZL^r "? j " ^ ^ of iLJ^ZSX^ 

The mechanism of xhaust gas purification using this system is th same as th above^nentioned mechanism of 
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xhaust gas purification using the system for exhaust gas purification according to the first aspect In the system of 
the third invention as well, it is preferable that the adsorb nt-catalyst is disposed upstream of the catalyst of low- 
temperature light-off performance in the flow path of exhaust gas, for the same reason as in the system of the first 
aspect In the third aspect, it is possible that the adsorbent-catalyst and the catalyst of low-temperature light-off per- 
s formance are formed in one monolithic carrier by supporting the catalyst layer of the catalyst of low-temperature light- 
off performance and the adsorbent layer and the catalyst layer of the adsorbent-catalyst on the different positions (for 
example, the upstream side and the downstream side) of one monolithic carrier. In this case also, it is preferable that 
the adsorbent-catalyst is present at the upstream side of the flow path of exhaust gas and the catalyst of low-temper- 
ature light-off performance is present at the downstream side of said path. 
10 in the system of the third aspect, the numbers of the catalyst of low-temperature light-off performance and the 

adsorbent-catalyst both disposed in an exhaust pipe may be each one, or at least one of them may be two or more. 
Other element, for example, an adsorbent as mentioned in the second aspect may be disposed in combination with 
the catalyst and the adsorbent-catalyst. Preferably, these elements are combined appropriately and disposed contin- 
uously in the flow path of exhaust gas so that the HC, etc. generated during cold start can be purified efficiently. 

In the system of the third aspect, it is preferable that the adsorbent layer of at least either of the adsorbent-catalyst 
and the adsorbent contains a precious metal and an electron donor and/or nitrogen dioxide absorber, both such as 
contained in the catalyst layer of the catalyst of low-temperature light-off performance, or that the catalyst of low- 
temperature light-off performance is disposed downstream of the adsorbent-catalyst or the adsorbent 

Other catalyst(s) for exhaust gas purification may be disposed upstream and/or downstream of the adsorbent- 
20 catalyst and the catalyst of low-temperature light-off performance in the flow path of exhaust gas, or between the 
adsorbent-catalyst and the catalyst of low-temperature light-off performance. Preferably, the other catalyst(s) for ex- 
haust gas purification as well contains (contain) a precious metal and an electron donor and/or nitrogen dioxide ab- 
sorber, both such as contained in the catalyst layer of the catalyst of low-temperature light-off performance. The effects 
of the other catalyst(s) are the same as mentioned in the second aspect. As in the second aspect, it is preferable that 
25 at least one of the other catalysts for exhaust gas purification, disposed upstream and/or downstream of the system 
has a certain large volume relative to the engine displacement. In the system of the third aspect, it is preferable that 
the individual elements are disposed in an exhaust pipe closely to each other so that the reaction heat generated in 
the catalyst of low-temperature light-off performance, etc. can be quickly transmitted to the other catalyst, etc. located 
downstream and thereby the light-off of the other catalyst, etc. can be promoted. 
30 Next, description is made on the method for exhaust gas purification according to the fourth aspect. This method 

purifies the harmful gases contained in an exhaust gas by using the system for exhaust gas purification according to 
any of the first to third aspects and by adding an oxidizing gas to an exhaust gas to be purified or controlling the amounts 
of air and fuel fed into engine so that the oxygen amount in exhaust gas is increased, for a certain length of time during 
engine cold start, in order to effectively reduce, by combustion, the HC generated in a large amount during cold start 
35 and adsorbed on and later desorbed from the adsorbent or the adsorbent-catalyst, it is necessary to allow the catalyst 
component contained in the catalyst composition of low-temperature light-off performance, the catalyst of low-temper- 
ature light-off performance, the adsorbent, etc. to cause light-off at an early timing. As a means for this early light-off, 
it is very effective to add an oxidizing gas to an exhaust gas to be purified or control the amounts of air and fuel fed 
into engine so that the oxygen amount in exhaust gas is increased, for a certain length of time during engine cold start. 
40 The oxidizing gas may be ozone (0 3 ), 0 2 , secondary air or the like. Of these, secondary air is most preferred because 
it can be introduced into an exhaust gas to be purified, by the use of a simple device such as air pump or the like. 

The exhaust gas generated during cold start is generally a fuel-rich atmosphere and, when the HC adsorbed on 
the adsorbent or on the adsorbent portion of the adsorbent-catalyst is desorbed therefrom, becomes more fuel-rich 
temporarily. Hence, by adding an oxidizing gas to the exhaust gas or controlling the amounts of air and fuel fed into 
46 engine so that the oxygen amount in exhaust gas is increased, to increase the air fuel ratio of exhaust gas preferably 
to a stoichiometric (theoretical) air fuel ratio or a fuel-lean side, the reaction between combustible components and 0 2 
(or 0 3 , 0 2 * or the like) can be made more active. As a result, in the reaction mechanism based on the absorbability 
and releasability of N0 2 , the light-off temperature of the reaction between combustible components and 0 2 approaches 
the light-off temperature of the reaction between combustible components and N0 2 , and the reaction heat generated 
50 in the reaction between combustible components and N0 2 can be utilized very effectively in the reaction between 
combustible components and 0 2 . In the reaction mechanism based on the donatability of electrons, since only the 
reaction between combustible components and 0 2 takes place, the addition of oxidizing gas or the control of air fuel 
ratio is more effective for the improvement of purification ability. 

In order to automatically conduct the introduction of oxidizing gas into exhaust gas or the control of amounts of air 
55 and fuel fed into engine, it is preferabl to us am chanism in which a d tection means (e.g. 0 2 s nsor or HC s nsor) 
capable of detecting th start of HC d sorption from th HC-containing adsorb nt, etc. is provided at I ast b twe n 
the adsorbent, etc. and the downstream catalyst of low-temperature light-off performance, etc. to detect the desorption 
of HC and, based on the signal issued by the detection means, an oxidizing gas is introduced or the amounts of air 
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and fuel fed ar controlled. 

The point of introduction of oxidizing gas (e.g. secondary air), when the number of the catalyst composition of low- 
temperature l.ght^ff performance of the first invention or the catalyst of low-temperature light-off performance of the 
TJ^T* ° f ?. *™ enhcn 13 *«> or more or °*er calalyst(s) is (are) disposed besides them, is upstream of at 
least the most downstream catalyst composition or catalyst. Thereby, the catalyst or the like disposed downstream ot 
ttie introduction pomt can effectively utilized (1) the reaction heat generated by the catalyst of low-temperature light- 
off performance, etc deposed upstream of the introduction point and (2) the introduced oxidizing gas. and the reaction 
J^^h 6 v™**" 1 ™* °2 be promoted. Introduction of oxidizing gas upstream of the catalyst 

composmon of low-temperature lights performance or the catalyst of low-temperature light-off performance is pre- 
ferred because said catalyst composition or catalyst can very effectively utilize the reaction heat generated by the 
catafyst composite or catalyst, and not only the reaction between combustible components and NO, but also the 
reason between combustible components and O, can be promoted. The number of the device for introduction of 
oxidizing gas may be more than one and they may be provided at different positions. A plurality of the devices may be 
operated independent* or jointly. The amount of oxidizing gas introduced may be fixed or appropriately varied 

is nr?rL P ^VT nti °^ " hereinafter described in more detail by way of Examples. However, the present invention 
is not restricted to these Examples. 

{Production of catalysts of low-temperature light-off performance and evaluation of their performances} 

Catalysts were produced according to the following procedure and measured for their performances. 
[Effect of production method of catalyst on its performance] 
(Catalyst A) 

Commercial y-Al^ was impregnated with an aqueous barium nitrate solution, followed by calcination at 700»C 
for 3 hours, to obtain a barium oxide-alumina compound oxide. The oxide was disintegrated to obtain a barium oxide- 
alumina compound ox.de powder (hereinafter referred to as "compound oxide a"). To the compound oxide a were 
a Jmh" SO | J k £ "™ ni,rate solution and an apropriate amount of acetic acid, and the mixture was disintegrated 
n a ball mill for 15 hours. The resulting slurry was dried at 1 00»C for 15 hours, followed by firing at S50»C for 3 hours 

m^urlwL C ^, 3 H" PredOPed ^ P ° Wder ^ POWdef WaS mixed with ™ aPP^riate amount of water. To the 
TSZ ^ 30 ^P" 30 " 316 amount of ^etic acid and an alumina sol having an alumina solid content of 2 5% 

and they were integrated in a ball mill for 15 hours to prepare a slurry. In the slurry was dipped a monolithic carrier 
£cord.er,te honeycomb manufactured by NGK Insulators. Inc.. having a diameter of 93 mm and a length of 100 mm) 
so that the earner was coated in amounts of Pd = 200 g/ft3 BaO = 0.025 g/cc and Al 2 0 3 = 0. 1 0 g/cc. The coated carrie 
was dned and fired to obtain catafyst A. The outline of the above procedure is shown in Fig. 1 " 

(Catalyst B) 

ni . m f omm ? rcial Y; AI 2°3 ^ mixed ^ a mixture of an aqueous barium nitrate solution and an aqueous palladium 
^ Hol ^ T tin9 miXtUre W3S calcinated at 700 °C for 3 hours to obtain a Pd/BaO-predoped AUO, com- 
pound ox.de The ox.de was disintegrated and mixed with an appropriate amount of water. To the mixture were added 

C !', aCetiC 3Cid 3nd an a ' Umina S °' h3Ving an alumina «** content of 2.5%. and they were 
a , m f0f 15 h ° UrS t0 Prepare 3 S,UrTy " ln the slurf y was di PP ed a mo no.ithic carrier (a coLrite 
honeycomb manufactured by NGK Insulators, inc.. having a diameter of 93 mm and a length of 100 mm so that he 

and LTiooT m fTT? Pd = 200 ^ 830 = ° 025 «** and A '2°3 = 0. 1 0 g/cc. The coated carrier was dried 
and fired to obtain catalyst B. The outtTne of the above procedure is shown in Fig. 2. 

(Catalyst C) 

^....tT? T °' corn f mercial *- AI 2°3 a" 41 bariur " oxide particles was impregnated with an aqueous palladium nitrate 
so.ut.on, followed by firing at 550-C for 3 hours, to obtain a Pd-predoped Aip^BaO compound oxide The oxide was 
^o n un?2 w 1° T 3 Pd ^ nd0 ^ d A WB-0 compound oxide powder. ^powder was m«ed wNh an appropr"e 
STI o 7t£ ,T WerS ^ ^ approoriate amount of ^etic acid and an alumina so. having an alumina solid 
rn^ol T J W fe d,s,ntearated for « hours in a ball mill to obtain a slurry. In the slurry was dipped a 

3h ol J C l k 6 yC ° mb manufactured b y NGK .nsulators. Inc.. having a diamet r of 93 mm and a 
length of 100 mm) so that th earner was coated in amounts of Pd = 200 g*3. BaO = 0.025 g/cc and AU0 3 = 0 10 of 
cc. The coated earner was dried and fired to obtain catalyst C. The outline of the above procedure is shown in Fig 3 
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(Catalyst D) 

Barium oxide particles were mixed with an appropriate amount of water. Thereto were added an appropriate amount 
of acetic acid and an alumina sol having an alumina solid content of 2.5%, and they were disintegrated for 15 hours 

s in a ball mill to obtain a slurry. In the slurry was dipped a monolithic carrier (a cordierite honeycomb manufactured by 
NGK Insulators, Inc., having a diameter of 93 mm and a length of 100 mm) to coat the carrier The coated carrier was 
dried and fired to obtain an catalyst D precursor. Next, a commercial y-AI 2 0 3 powder was mixed with an aqueous 
palladium nitrate solution and an appropriate amount of acetic acid, and they were disintegrated for 15 hours in a ball 
mill. The resulting slurry was dried at 1 00°C for 1 5 hours, disintegrated, and fired at 550°C for 3 hours to obtain a Pd- 

10 predoped Al 2 0 3 powder (hereinafter referred to as "compound oxide p"). The powder was mixed with an appropriate 
amount of water. Thereto were added an appropriate amount of acetic acid and an alumina sol having an alumina solid 
content of 2.5%, and they were disintegrated for 15 hours in a ball mill to obtain a slurry. In the slurry was dipped the 
catalyst D precursor so that the catalyst D precursor was coated in amounts of Pd = 200 g/ft 3 , BaO = 0.025 g/cc and 
Al 2 0 3 = 0.10 g/cc. The coated material was dried and fired to obtain catalyst D. The outline of the above procedure is 

is shown in Fig. 4. 

(Catalyst E) 

Barium oxide particles were mixed with an aqueous palladium nitrate solution, and the mixture was calcinated at 
20 550°C for 3 hours to obtain a Pd-predoped BaO compound oxide. The oxide was disintegrated and mixed with an 
appropriate amount of water. Thereto were added an appropriate amount of acetic acid and alumina sol having an 
alumina solid content of 2.5%, and they were disintegrated for 15 hours in a ball mill to obtain a slurry. In the slurry 
was dipped a monolithic carrier (a cordierite honeycomb manufactured by NGK Insulators, Inc., having a diameter of 
93 mm and a length of 100 mm) so that the carrier was coated in amounts of Pd = 200 g/ft 3 and BaO = 0.025 g/cc. 
25 Th coated carrier was dried and fired to obtain catalyst E. The outline of the above procedure is shown in Fig. 5. 

(Catalyst F) 

Commercial y-AI 2 0 3 was impregnated with an aqueous barium nitrate solution and calcinated at 700°C for 3 hours 
30 to obtain a barium oxide/alumina compound oxide. The oxide was disintegrated to obtain a barium oxide/alumina 
compound oxide powder. To the powder were added an aqueous palladium nitrate solution and an appropriate amount 
of acetic acid, and they were disintegrated for 15 hours in a ball mill. The resulting slurry was dried at 100°C for 15 
hours and fired at 550 a C for 3 hours to obtain a Pd/BaO-predoped Al 2 0 3 powder. The powder was mixed with an 
appropriate amount of water and a barium oxide powder. To the mixture were added an appropriate amount of acetic 
35 acid and an alumina sol having an alumina solid content of 2.5%, and they were disintegrated for 15 hours in a ball 
mill to obtain a slurry. In the slurry was dipped a monolithic carrier (a cordierite honeycomb manufactured by NGK 
Insulators, Inc., having a diameter of 93 mm and a length of 100 mm) so that the carrier was coated in amounts of Pd 
= 200 g/ft 3 , BaO = 0.025 g/cc and Al 2 0 3 = 0.1 0 g/cc. The coated carrier was dried and fired to obtain catalyst F. The 
outline of the above procedure is shown in Fig. 6. 

40 

(Catalyst G) 

Commercial t u AI 2 0 3 was impregnated with an aqueous palladium nitrate solution and fired at 550°C for 3 hours 
to obtain Pd-predoped Al 2 0 3 . The Pd-predoped Al 2 0 3 was disintegrated and mixed with an appropriate amount of 

45 water. Thereto were added an appropriate amount of acetic acid and an alumina sol having an alumina solid content % 
of 2.5%, and they were disintegrated for 15 hours in a ball mill to obtain a slurry. In the slurry was dipped a monolithic 
carrier (a cordierite honeycomb manufactured by NGK Insulators, Inc., having a diameter of 93 mm and a length of 
100 mm) to coat the carrier. The coated carrier was dried and fired to obtain an catalyst G precursor. The catalyst G 
pr cursor was impregnated with an aqueous barium nitate solution and fired at 700°C for 3 hours to obtain catalyst G 

50 which contained Pd = 200 g/ft 3 , BaO = 0.025 g/cc and Al 2 0 3 = 0.10 g/cc. The outline of the above procedure is shown 
in Fig. 7. 

(Catalyst H) 

55 Th compound oxid a mentioned with resp ct to the production of catlayst A was mixed with an appropriat 

amount of wat r. Th retower add d an appropriat amount of acetic acid and an alumina sol haivng an alumina solid 
content of 2.5%, and they were disint grated for 15 hours in a ball mill to obtain a slurry. In the slurry was dipp d a 
monolithic carrier (a cordierite honeycomb manufactured by NGK Insulators, Inc., having a diameter of 93 mm and a 
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length of 100 mm) to coat the earner. The coated carrier was dried and fired to obtain an catalyst H precursor. The 
catalyst H precursor was impregnated with an aqueous palladium nitate solution and fired at 550°C for 1 hours to 
obtain catalyst H which contained Pd = 200 g/ft 3 . BaO = 0.025 g/cc and Al 2 0 3 = 0.10 g/cc. The outline of the above 
procedure is shown in Fig. 8. 

(Catalyst I) 

Commercial *rAI 2 0 3 was mixed with an appropriate amount of water Thereto were added an appropriate amount 
of acetic acid and an alumina sol haivng an alumina solid content of 2.5%, and they were disintegrated for 15 hours 
in a bail mill to obtain a slurry. In the slurry was dipped a monolithic carrier (a cordierite honeycomb manufactured by 
NGK Insulators, Inc., having a diameter of 93 mm and a length of 100 mm) to coat the carrier. The coated carrier was 
dried and fired to obtain an catalyst I precursor. The catalyst I precursor was impregnated with a mixture of an aqueous 
barium nitrate solution and an aqueous palladium nitate solution and fired at 700°C for 3 hours to obtain catalyst I 
which contained Pd = 200 g/ft3 BaO = 0.025 g/cc and AI2O3 = 0.10 g/cc. The outline of the above procedure is shown 
is in Fig. 9. 

(Catalyst J) 



10 
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25 
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To a barium oxide powder were added an aqueous palladium nitrate solution and an appropriate amount of acetic 
acid, and they were disintegrated for 15 hours in a ball mill. The resulting slurry was dried at 100°C for 15 hours and 
fired at 550°C for 3 hours to obtain a Pd-predoped BaO powder. The powder was mixed with an appropriate amount 
of water and the compound oxide a mentioned with respect to the production of catalyst A. Thereto were added an 
appropriate amount of acetic acid and an alumina sol haivng an alumina solid content of 2.5%, and they were disinte- 
grated for 15 hours in a ball mill to obtain a slurry. In the slurry was dipped a monolithic carrier (a cordierite honeycomb 
manufactured by NGK Insulators, Inc., having a diameter of 93 mm and a length of 100 mm) so that the carrier was 
coated .n amounts of Pd = 200 g/fta, BaO = 0.025 g/cc and Al^ = 0.10 g/cc. The coated carrier was dried and fired 
to obtain catalyst J. The outline of the above procedure is shown in Fig. 10. 

(Catalyst K) 

To commercial y-AI 2 0 3 were added an aqueous palladium nitrate solution and an appropriate amount of acetic 
acid, and they were disintegrated for 15 hours in a ball mill. The resulting slurry was dried at 100°C for. 15 hours and 
fired at 550°C for 3 hours to obtain a Pd-predoped AL>0 3 powder. The powder was mixed with an appropriate amount 
of water. Thereto were added an appropriate amount of acetic acid and an alumina sol haivng an alumina solid content 
of 2.5%, and they were disintegrated for 15 hours in a ball mill to obtain a slurry In the slurry was dipped a monolithic 
carrier (a cordierite honeycomb manufactured by NGK Insulators, Inc.. having a diameter of 93 mm and a length of 
100 mm) so that the carrier was coated in amounts of Pd = 200 g/tt* and AI2O3 = 0.10 g/cc. The coated carrier was 
dried and fired to obtain catalyst K. The outline of the above procedure is shown in Fig. 11 . 

40 (Measurement of light-off temperatures of catalysts A to K) 

The catalysts obtained above were measured for Hdight-off performance according to the following method, i.e. 
a method wherein a synthetic exhaust gas simulating an exhaust gas generated during cold start, which had a fuel- 
nch composition (X = 0.95) as shown in Table 1 , was passed through a catalyst and the temperature of the catalyst, 
at which the conversion of the HC components in the exhaust gas became 50%, was measured and taken as the light- 
off temperature of the catalyst (this method is hereinafter referred to as -the method 1 •). First, each catalyst obtained 
was measured for light-off temperature by the method 1 . Then, the catalyst was exposed, foraging, to an exhaust gas 
of 750°C discharged from an actual engine, in a fuel-cut mode for a total of 100 hours (this operation is hereinafter 
r ferred to as V50°C x 100 hours aging-). Thereafter, the catalyst was again meansured for lightoff temperature by 
the method 1 . and the result is shown in Table 2 (Examples 1 -10 and Comparative Example 1 ). Incidentally, the testing 
apparatus used is shown in Fig. 12. In Fig. 12, 1 is a catalyst to be tested; 9 is a gas bomb containing a component 
for synthetic exhaust gas; 3 is a gas mixer for preparation of a synthetic exhaust gas of desired composition; 7 is an 
electnc furnace; and 5 is a gas analyzer. As shown in Table 2, the catalysts A to J each containing a nitrogen dioxide 
absorber, which were produced in various ways, showed light-off temperatures lower than that of the catalyst K con- 
taining no nitrogen dioxide absorber. The catalysts A and F w re particularly superior in view of the light-off perform- 
ances and durabilities. Clos disposition of precious metal and nitrogen dioxide absorb r gav a high r lightoff per- 
foramnce; predoping gav a high r durability than impr gnation; and use of at I ast part of nitrogen dioxide absorber 
for predoping of A^Og gave a better result 
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Table 1 



Synthetic Exhaust Gas 


oomponem 


ooncenirauon 


N 2 


Balance 


co 2 


13.0% 


o 2 


0.9% 


CO 


2.5% 


H 2 


0.9% 


HC 


3300 ppm C 


NO 


1400 ppm 


so 2 


20 ppm 


H 2 0 


10% 



Table 2 





Catalyst 


Light-off temp. (°C) 


Example 1 


A 


264 


Example 2 


B 


267 


Example 3 


C 


266 


Example 4 


D 


272 


Example 5 


E 


274 


Example 6 


F 


264 


Example 7 


G 


267 


Example 8 


H 


267 


Example 9 


I 


272 


Example 10 


J 


270 


Comparative Example 1 


K 


296 



[Effect of kind of precious metal on catalyst performance] 

35 

Next, the effect of kind of precious metal on performance of catalyst was examined. To produce catalysts used for 
this purpose, an alumina powder was predoped with precious metals, etc. and each of the resulting materials was 
wash-coated on a carrier, based on the production method used for catalyst A which gave particularly superior results 
in light-off performance and durability as shown in Table 2. 

40 Catalysts of various precious metal/nitrogen dioxide absorber combinations as shown in Table 3 were produced 

based on the production method used for catalyst A except that palladium nitrate was replaced by platinum chloride 
or palladium nitrate/platinum chloride and that barium nitate was replaced by magnesium nitrate, cerium nitate, lan- 
thanum nitrate or zirconyl nitrate. When both platinum and palladium were used as the precious metal, Pd/nitrogen 
dioxide absorber-predoped Al 2 0 3 and Pt/nitrogen dioxide absorber-predoped Al 2 0 3 were separately prepared and 

45 then mixed, and the mixture was supported on a honeycomb carrier. For comparison, catalysts containing no nitrogen 
dioxide absorber were produced based on the production method used for catalyst K, using platinum chloride or pal- 
ladium nitrate/platinum chloride in place of palladium nitrate. The catalysts produced were subjected to 750°C x 100 
hours aging and then measured for light-off temperature by the method 1 . The results (Examples 10-24 and Compar- 
ative Examples 2-4) are shown in Table 3. As is clear from Table 3, use of both platinum and palladium as precious 

so m tal is preferred. 



Table 3 





Kind of precious metal 


Kind of N0 2 absorber 


Light-off temp. (°C) 


Example 10 


Pd (200g/ft 3 ) 


Ba 


264 


Example 11 


Pt (200g/ft 3 ) 


Ba 


361 


Example 12 


Pd (ISOg/ft 3 ), Pt(50g/ft 3 > 


Ba 


184 
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25 



30 



35 



40 



TabI 3 (continued) 







Kind of precbus metal 


Kind of N0 2 absorber 


Liaht-off terriD 




Example 13 


Pd (200g/ft 3 ) 


Mg 


OCA 


5 


Example 14 


R (200g/ft 3 ) 


Ma 






Example 15 


Pd(150g/ft 3 ) , Pt (50g/ft3) 


Ma 






Example 16 


Pd (200g/ft 3 ) 


Cs 


OC/1 




Example 17 


Pt (200g/ft 3 ) 


Cs 




10 


Example 18 


Pd (ISOg/ft 3 ), R (50g/ft 3 ) 




1Q7 

iy / 


Example 19 


Pd (2000/ft 3 ) 


La 


too 




Example 20 


Pt (200g/ft 3 ) 


La 


357 




Example 21 


Pd (150g/ft 3 ), R(50g/ft 3 > 


La 


183 




Example 22 


Pd (200g/ft 3 ) 


Zr 


274 


15 


Example 23 


Pt (200g/ft 3 ) 


Zr 


350 




Example 24 


Pd (ISOg/ft 3 ), R(50g/ft 3 > 


Zr 


182 




Comparative Example 2 


Pd (2000/ft 3 ) 


Not used 


296 




Comparative Example 3 


R (200gm 3 ) 


Not used 


443 


20 


Comparative Example 4 


Pd (ISOg/ft 3 ), R(50g/ft 3 ) 


Not used 


299 



[Effect of NOg absorber on catalyst performance] 

Catalysts each containing Pt = 50 g/ft3 Pd = 150 g/ftS, nitrogen dioxide absorber = 0.025 g/cc and AUO a = 0 10 
g/cc were produced based on the production method used for catalyst A except that platinum and palladium were used 
as the precious metal and that barium nitrate was replaced by lithium nitrate, cesium nitrate, magnesium nitrate, calcium 
nitrate, strontium nitrate, yttrium nitrate, zirconyl nitrate, lanthanum nitrate, thorium nitrate, cadmium nitrate and po- 
ta ^' 11 n ntrate - Further - catalysts each containing Pt = 50 p/ft 3 , Pd = 150 tffi. nitrogen dioxide absorber = 0 025 g/cc 
and Al 2 0 3 = 0.10 g/cc were produced based on the production method used for catalyst C except that platinum and 
palladium were used as the precious metal and that barium nitrate was replaced by hafnium oxide or YBa,Cu,0, 
Furthermore, a catalyst containing Pt = 50 gfffi, Pd = 1 50 qftP and Al 2 0 3 = 0. 1 0 g/cc but containing no nrtrogen dioxide 
absorber was produced based on the production method used for catalyst K except that palladium nitrate was replaced 
by palladium nitrate and platinum chloride. All of these catalysts were subjected to 750°c x 100 hours aging and then 
measured for light-off temperatures by the methods 1 , 2 and 3 (the methods 2 and 3 are described below). The reuslts 
(Examples 25-42 and Comparative Examples 5-6) are shown in Table 4. As is clear from Table 4, each of the catalysts 
containing a nrtrogen dioxide absorber showed a light-off temperature lower than that of the catalyst containing no NO, 
absorber. The light-off temperatures by the method 2 were inferior to those by the methods 1 and 3. This is presumed 
to be because, m the method 2. each substance used in each catalyst as an NC*. absorber reduced the light-off tem- 
perature of catalyst based mainly on the electron donatability to precious metal, rather than on the NO, absorbability 
and releasability. It is presumed that the significant reduction in light-off temperature in both the method 1 and the 
melhod 3 was made possible by NQ 2 . It is appreciated that Mg, Ba. Zr, La, Cs, YBaaCuaBy. etc. are preferable as NC^ 



45 



SO 



(Method 2) 

A synthetic exhaust gas having a fuel-rich composition of relatively low NO concentration as shown in Table 5 was 
passed through a catalyst; and the temperature at which the conversion of the HC components in the exhaust gas 
became 50/». was measured and taken as the light-off temperature of the catalyst. 

(Method 3) 



ss 



A synthetic exhaust gas simultating an exhaust gas of theoretical air fuel ratio (X = 1 .00), which had a composition 
as shown in Table 6, was pased through a catalyst at 400°C for 30 minutes. Then, the catalyst was allowed to cool to 
room temperature. Thereafter, through the catalyst was passed a synthetic exhaust gas simulating an exhaust gas 
generated during cold start, which had a fuel-rich composition (X = 0.95) as shown in Table 5; and the temperature at 
which the conversion of the HC components in the exhaust gas became 50%, was measured and taken as the liqht- 
off temperature of the catalyst. 
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Table 4 



5 



20 





Kind of pr cious metal 


Kind of absorber 


Light-off temp. (°C) 




Method 1 


Method 2 


Method 3 


Example 25 


Pt, Pd 


Li 


297 


305 


one 


Example 26 


Pt, Pd 


Cs 


197 


272 


* oo 

iy2 


Example 27 


Pt, Pd 


Mg 


182 


267 


182 


Example 28 


Pt, Pd 


Ca 


298 


308 


2yo 


Example 29 


Pt, Pd 


Sr 


204 


294 


2 1 1 


Example 30 


Pt, Pd 


Ba 


184 


271 


H QtZ. 
1 OO 


Example 31 


Pt, Pd 


Y 


211 


287 


OH A 


Example 32 


Pt, Pd 


Zr 


182 


278 


-1 OO 

182 


ExamDle 33 


Pt, Pd 


Hf 


197 


289 


20o 


Example 34 


Pt, Pd 


La 


183 


272 


1 Q1 


Example 35 


Pt, Pd 


Ce 


241 


ooc 

296 


OCA 


Example 36 


Pt, Pd 


Th 


239 


294 


234 


, Example 37 


Pt, Pd 


YBa 2 Cu 3 07 


182 


284 


181 


Example 38 


Pt, Pd 


K 


297 


306 


291 


Example 39 


Pt, Pd 


Zr, Ba 


187 


278 


183 


Example 40 


Pt, Pd 


Cs, La 


186 


269 


185 


Example 41 


Pt, Pd 


Ca, Li 


297 


306 


295 


Example 42 


Pt, Pd 


Ba, Mg 


184 


268 


182 . 


Comparative Example 5 


Pt, Pd 


Not used 


299 


309 


299 


Comparative Example 6 


Pt, Pd 


Cd 


303 


304 


304 



30 Table 5 



Synthetic Exhaust Gas 


Component 


Concentration 


N 2 


Balance 


co 2 


13.0% 


o 2 


0.9% 


CO 


2.5% 


H 2 


0.9% 


HC 


3300 ppm C 


NO 


500 ppm 


so 2 


20 ppm 


H 2 0 


10% 



so 



ss 
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Table 6 



Synthetic Exhaust Gas 





Component 


Concentration 


10 




Balance 




co 2 


13.0% 


IS 


o 2 


0.8% 




CO 


0.7% 


20 


H 2 


0.2% 




HC 


2800 ppm C 


25 


NO 


1100 ppm 




S0 2 


20 ppm 


30 


H 2 0 


10% 



35 



40 



45 



SO 



[Effect of amounts of supported catalyst components on catalyst performance] 

barium ^,^^ir A >° 9 Pr6dOPed Wfth PlatinUm and P 3 " 3 *'"" 1 (P^ious metals) and also predoped with 
meTo^mount^ ° WSre , b3Sed ° n thS pr0dUCti0n method used for ^afyst A. In these catalysts, 

c PreC ' OUS meta ' S SUPPOrt8d ^ the amount of barium oxide SU PP°"*° were varied as shown in 

^mo.«l ^ ^ h °"[f a9«ng and then measured for lights temperatures by the method 1. The results 

ifS^^SST 8 ba ;' Um ° Xide 35 N ° 2 abSOrber Sh ° Wed t^peratures lower than that of the caTaist 

alfSThe^^ f ^ "° N ° 2 abSOrb6r WhSn the total <* P recious ""■»• supported was S 

JJE? Mrf th8 bar ' Um OXIde su PP° rted °" a monolithic carrier in the form of BaOpredoped y-AUO, was 
^ A?n 2 ?k SOrP,i ° n m ° reOVer - """P*'- to utilization of the htf, specrtic JurfacVa^a 

£22E^ W ,^T£T ° f N ° 2 abSOrb6r SUPP ° rted W3S 0 025 **■ the cata| y st ~ ntainin 9 a total amou t ol 
T^T^s Zf ""I 6 ,he , be M St reSUU Fr ° m ,h8 ab ° Ve reSUtt ' " iS presumed ,hat to ° sma » a -mourn 
^fc^^reto S ,C ' e ,0 ° ,ar9e 3 l0tal am ° Unt °' preCi ° US me,als 030565 cohesion and 





Total amount of precious metals 
(gm3) 


Amount of NQg absorber (g/cc) 


Light-off temp. 
(°C) 


Example 44 
Example 45 
Example 46 


200 
200 
200 


0.025 
0.005 
0.010 


184 
289 
233 



ss 
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Table 7 (continued) 





Total amount of precious metals 
(g/ft 3 ) 


Amount of NO2 absorber (g/cc) 


Light-off temp. 
CO 


Example 47 


200 


0.250 


228 


Example 48 


200 


0.400 


246 


Example 49 


30 


0.025 


250 


Example 50 


500 


0.025 


185 


Comparative Example 7 


200 


0 


299 



10 



15 



20 



25 



30 



35 



[Effect of disposition of catalyst components on catalyst perforamnce] 

The following catalysts L to T were produced to examine the effect of disposition of precious metals and N0 2 
absorber on catalyst performance, and were measured for light-off performances. 

(Catalyst L) 

To the compound-oxide a mentioned with respect to the production of catlayst A were added an aqueous palladium 
nitrate solution and an appropriate amount of actic acid, and they were disintegrated for 15 hours in a ball mill. The 
resulting slurry was dried at 100°C for 15 hours and fired at 550°C for 3 hours to obtain a Pd/BaO-predoped Al 2 0 3 
powder. Separately, to the compound oxide a were added an aqueous dinitrodiammineplatinum solution and an ap- 
propriate amount of acetic acid, and they were disintegrated for 15 hours in a ball mill. The resulting slurry was dried 
at 1 00°C for 1 5 hours and fired at 550°C for 3 hours to obtain a Pt/BaO-predoped Al 2 0 3 powder. The Pd/BaO-predoped 
Al 2 0 3 powder, the Pt/BaO-predoped Al 2 0 3 powder and an appropriate amount of water were mixed. Thereto were 
added an appropriate amount of acetic acid and an alumina sol having an alumina solid content of 2.5%, and they 
were disintegrated for 1 5 hours in a ball mill to prepare a slurry. In the slurry was dipped a monolithic carrier (.a cordierite 
honeycomb manufactured by NGK Insulators, Inc., having a diameter of 93 mm and a length of 100 mm) so that the 
carrier was coated in amounts of R = 50 g/ft 3 Pd = 150 g/ft 3 , BaO = 0.025 g/cc and Al 2 0 3 =0.10 g/cc. The coated 
carrier was dried and fired to obtain catalyst L. 

(Catalyst M) 

R-predoped AI 2 O a and Pd/BaO-predoped Al 2 0 3 were supported on a monolithic carrier (a cordierite honeycomb 
manufactured by NGK Insulators, Inc., having a diameter of 93 mm and a length of 100 mm) at the upstream (in the 
flow direction of exhaust gas) side of the carrier and the downstream side, respectively, to obtain catalyst M containing 
Pt = 50 g/ft 3 , Pd = 1 50 g/ft 3 , BaO = 0.025 g/cc and Al 2 0 3 = 0.10 g/cc. 



40 



45 



so 



55 



(Catalyst N) 

Pt/BaO-predoped AI 2 O a and Pd-predoped AI 2 O a were supported on a monolithic carrier (a cordierite honeycomb 
manufactured by NGK Insulators, Inc., having a diameter of 93 mm and a length of 100 mm) at the upstream (in the 
flow direction of exhaust gas) side of the carrier and the downstream side, respectively, to obtain catalyst N containing 
Pt = 50 g/ft 3 , Pd = 1 50 g/ft 3 , BaO = 0.025 g/cc and Al 2 0 3 = 0.10 g/cc. 

(Catalyst O) 

R-predoped Al 2 0 3 , BaO-predoped Al 2 0 3 and Pd-predoped Al 2 0 3 were supported on a monolithic carrier (a 
cordierite honeycomb manufactured by NGK Insulators, Inc., having a diameter of 93 mm and a length of 100 mm) at 
the upstream (in the flow direction of exhaust gas) side of the carrier, the center and the downstream side, respectively, 
to obtain catalyst O containing R = 50 g/ft 3 , Pd = 150 g/ft 3 , BaO = 0.025 g/cc and AI 2 O a = 0.10 g/cc. 

(Catalyst P) 

BaO-predoped Al 2 0 3 and R-predoped A^O^Pd-predoped Al 2 0 3 were supported on a monolithic carrier (a cordier- 
ite honeycomb manufactured by NGK Insulators, Inc., having a diameter of 93 mm and a length of 100 mm) at the 
upstream (in the flow direction of exhaust gas) side of th carrier and the downstream side, respectively, to obtain 
catalyst P containing R = 50 g/ft 3 Pd = 150 g/ft 3 BaO = 0.025 g/cc and Al 2 0 3 = 0.10 g/cc. 



22 



SOCCID: <6P 074977 4A2_I_> 



EP 0 749 774 A2 



w 



15 



20 



25 



30 



35 



40 



45 



SO 



(Catalyst Q) 

There were used two monolithic carriers (each a cordierite honeycomb manufactured by NGK Insulators Inc 
having a diameter of 93 mm and a length of 50 mm). Pt-predoped Al>0 3 was supported on one of the two carriers' 
and Pd/BaO-predoped AL>0 3 was supported on the other carrier. The total amounts of catalyst components suported 
on the two monolitic carriers were Pt = 50 g/ft 3 Pd = 1 50 g/ft 3 BaO = 0.025 g/cc and ALpg = 0. 1 0 g/cc (ft 3 and cc are 
those of the two carriers). The R-supported carrier and the Pd/BaO-supported carrier were disposed upstream and 
downstream, respectively, in the flow direction of exhaust gas to obtain catalyst Q. 

(Catalyst R) 

There were used two monolithic carriers (each a cordierite honeycomb manufactured by NGK Insulators Inc 
having a diameter of 93 mm and a length of 50 mm). Pt/BaO-predoped AfeOa was supported on one of the two carriers ' 
and Pd-predoped AfeOg was supported on the other carrier. The total amounts of catalyst components suported on 
the two monolitic earners were Pt = 50 g/ft 3 , Pd ~ 150 g/ft 3 , BaO = 0.025 g/cc and Al^ = 0.10 g/cc (ft 3 and cc are 
those of the two carriers). The Pt/BaO-s up ported carrier and the Pd-supported carrier were disposed upstream and 
downstream, respectively, in the flow direction of exhaust gas, to obtain catalyst R. 

(Catalyst S) 

There were used three monolithic carriers (each a cordierite honeycomb manufactured by NGK Insulators Inc 
having a diameter of 93 mm and a length of 33 mm). Pt-predoped Al 2 0 3 was supported on the first carrier; BaO- 
predoped AL>0 3 was supported on the second carrier; and Pd-predoped AfeOg was supported on the third carrier. The 
total amounts of catalyst components suported on the three monolitic carriers were Pt = 50 g/ft 3 , Pd = 150 g/ft 3 , BaO 
= 0.025 g/cc and Al 2 0 3 = 0.10 g/cc (ft 3 and cc are those of the three carriers). The R-supported carrier, the BaO- 
supported carrier and the Pd-supported carrier were disposed upstream, in the center and downstream, respectively, 
in the flow direction of exhaust gas to obtain catalyst S. 

(Catalyst T) 

There were used two monolithic carriers (each a cordierite honeycomb manufactured by NGK Insulators Inc 
having a diameter of 93 mm and a length of 50 mm). BaO-predoped Al 2 0 3 was supported on one of the two carriers' 
and Pd-predoped Al^ and R-predoped Al^ were supported on the other carrier. The total amounts of catalyst 
components suported on the two monolitic carriers were R = 50 g/ft 3 Pd = 150 g/ft 3 , BaO = 0 025 g/cc and AUOo = 
0.10 g/cc (ft 3 and cc are those of the two carriers). The BaO^upported carrier and the Pt/Pd-supported carrier were 
disposed upstream and downstream, respectively, in the flow direction of exhaust gas to obtain catalyst T. 

(Measurement of light-off temperatures of catalysts L to T) 

The catalysts L to T were measured for HC light-off performances. Each catalyst was subjected to 750°C x 100 
hours aging and then measured for lightoff temperature by the method 1. The results (Examples 51-59) are shown in 
Table 8. As is clear from Table 8, use of precious metal and BaO in a mixed state gives a better result. 

Table 8 



ss 





Catalyst 


Light-off temp. (°C) 


Example 51 


L 


184 


Example 52 


M 


184 


Example 53 


N 


187 


Example 54 


O 


296 


Example 55 


P 


252 


Example 56 


Q 


264 


Example 57 


R 


192 


Example 58 


S 


258 


Example 59 


T 


264 
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{Production of adsorbents} 
(Adsorbent A) 

s P-Zeolite (a product of The PQ Corporation) having a Si02/AI 2 0 3 molar ratio of 150 was supported, in an amount 

of 0.15 g/cc, on a cordierite honeycomb structure (a product of NGK Insulators, Inc.) having a diameter of 144 mm, a 
length of 100 mm, a rib thickness of 150 urn and a cell density of 400 cells/in. 2 ), followed by firing at 550°C, to obtain 
adsorbent A. 

io (Adsorbent A') 

Adsorbent A' was obtained in the same manner as for adsorbent A except that the p-zeolite was replaced by ZSM- 
5 (a product of The PQ Corporation). 

is (Adsorbent B) 

p-Zeolite (a product of The PQ Corporation) having a SiOg/AlgOg molar ratio of 1 50 was supported, in an amount 
of 0.12 g/cc, on the same honeycomb structure as used for adsorbent A, followed by firing at 550°C, to form a first 
layer. On this first layer was supported the compound oxide p mentioned with respect to the production of catalyst D, 
20 followed by firing, to form a second layer, whereby adsorbent B was obtained. The supported amounts in the second 
layer were rAI 2 0 3 = 0.06 g/ft 3 and Pd = 200 g/ft 3 . 

(Adsorbent C) 

25 Adsorbent C was obtained in the same manner as for adsorbent B except that the compound oxide p was replaced 

by the compound oxide a mentioned with respect to the production of catalyst A. The supported amounts in the second 
layer were y-A1 2 0 3 = 0.06 g/ft 3 , BaO = 0.02 g/cc and Pd = 200 g/ft 3 . 

(Adsorbent D) 

30 

There was used, as a carrier for adsorbent, a hollow cylindrical cordierite honeycomb structure (a product of NGK 
Insulators, Inc.) having an outside diameter of 1 44 mm, an inside diameter of 45 mm, a length of 1 00 mm, a rib thickness 
of 1 50 u.m and a cell density of 400 cells/in. 2 . Adsorbent D was obtained in the same manner as for adsorbent B except 
that the above carrier was used. The supported amounts were P-zeolite = 0.12 g/cc, y-AI 2 0 3 = 0.06 g/cc and Pd = 200 

35 g/ft 3 . 

(Adsorbent D') 

Adsorbent D* was obtained in the same manner as for adsorbent D except that the p-zeoiite was replaced by ZSM-5. 

40 

(Adsorbent E) 

Adsorbent E was obtained in the same manner as for adsorbent D except that the compound oxide p was replaced 
by the compound oxide a. The supported amounts were p-zeolite = 0.12 g/cc, y-AI 2 0 3 = 0.06 g/cc, BaO = 0.02 g/cc 
45 and Pd = 200 g/ft 3 . 

{Production of adsorbent-catalysts} 

(Adsorbent-catalyst A) 

so 

From a cylindrical cordierite honeycomb structure (a product of NGK Insulators, Inc.) having a diameter of 144 
mm, a length of 100 mm, a rib thickness of 150u.m and a cell density of 400 cells/in. 2 was removed a cylindrical portion 
of 88 mm (diameter of cross section) and 50 mm (length) having the same central axis as the honeycomb structure in 
th passage direction of the honeycomb structure and extending from one end of the honeycomb structure to the 
55 interior of the hon ycomb structur ;andth r suiting hon y comb structure having a cylindrical hollow was used as a 
carri r for adsorb nt-catalyst. Th compound oxid p mentioned with r spect to the production of catalyst D was sup- 
ported on the central cylindrical portion of the above-obtain d honeycomb structure (having a cylindrical hollow) ex- 
tending from the hollow to other end of the honeycomb structur and having a diameter of cross section of 88 mm and 
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a length of 50 mm in th passage direction of the honeycomb structure. Firing was conducted to form a catalyst layer 
containing Y-AfeC^ = 0.09 g/cc and Pd = 200 g*3 Then, P-zeolite was supported on the portion of the honeycomb 
structure surrounding rts catalyst layer-supported portion. Firing was conducted at 550°C to form a first layer containing 
P-zeolite = 0.12 g/cc. Thereafter, the compound oxide p was supported on the first layer, followed by firing, to form a 
s second layer containing r-AfeC^ = 0.09 cc/g and Pd = 200 g/n?. Thus, adsorbent^talyst A was obtained. 

(Adsorbent-catalyst B) 

Adsorbent-catalyst B was obtained in the same manner as for adsorbent^atalyst A except that the compound 
10 oxide p was replaced by the compound oxide a. 

(Adsorbent-catalyst C) 

There was used, as a carrier for adsorbentncatalyst, a cordierite honeycomb structure (a product of NGK Insulators 
Inc.) having a elliptical cross section (major axis = 1 70 mm and minor axis = 81 mm), a length of 1 00 mm a rib thickness 
of 150 fim and a cell density of 400 cells/in.*. The compound oxide p was supported on the portion of the honeycomb 
structure extending from one end of the cross^ectional major axis toward the cross-sectional center (the distance of 
extention = 40 mm), to form a catalyst layer containing = 0.09 g/cc and Pd = 1 20 gm* Then, on the portion of 

the honeycomb structure other than the catalyst layer was supported p-zeolite, followed by firing at 550*C to form a 
first layer containing p-zeolite = 0.12 g/cc. On the first layer was supported the compound oxide p, followed by firing 
to form a second layer containing y-AI 2 0 3 = 0.09 g/cc and Pd = 200 g/ft3 -ph^ adsorbent-catalyst C was obtained. ' 

(Adsorbent-catalyst D) 

Adsorbent-catalyst D was obtained in the same manner as for adsorbentotalyst C except that the compound 
oxide p was replaced by the compound oxide a. 



75 
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{Production of other catalysts} 
30 (Catalyst L') 

Catalyst L' was obtained in the same manner as for catalyst L except that the monolithic carrier used had a length 
of 34 mm. a 

3S (Catalyst L') 

Commercial y-AJ 2 0 3 was impregnated with an aqueous magnesium nitrate solution and then calcinated at 700°C 
for 3 hours to obtain a magnesia/alumina compound oxide. The oxide was disintegrated to obtain a magnesia/alumina 
compound oxide powder. Using this powder in place of the compound oxide a, catalyst L" was obtained in the same 
4 o manner as for catalyst L 

(Catalyst L'") 



45 



SO 
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Commercial y- AI 2 Q 3 was impregnated with an aqueous lanthanum nitrate solution and then calcinated at 700°C 
for 3 hours to obtain a lanthanum oxide/alumina compound oxide. The oxide was disintegrated to obtain a lanthanum 
oxide/alumina compound oxide powder. Using this powder in place of the compound oxide a, catalyst L" was obtained 
in the same manner as for catalyst L. 

(Catalyst L m ) 

Commercial Y-AI2O3 was impregnated with an aqueous zirconyl nitrate solution and then calcinated at 700°C for 
3 hours to obtain a zirconia/alumina compound oxide. The oxide was disintegrated to obtain a zirconia/alumina com- 
pound ox.de powder. Using this powder in place of the compound oxide a and changing the length of the monolithic 
carrier to 34 mm, catalyst L" was obtained in the same manner as for catalyst L 

(Catalyst U) 

Catalyst U was obtained in the same manner as for catalyst A except that the compound oixde a was replaced by 
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the compound oxide p. The supported amounts were y-AI 2 0 3 = 0.09 g/cc and Pd = 120 g/ft 3 . 
(Catalyst U') 

s Catalyst U' was obtained in the same manner as for catalyst U except that the monolithic carrier used had a length 

of 34 mm. 

(Catayst V) 

10 To commercial y- AI 2 O a were added cerium acetate and cerium oxide (both are oxygen storage capabilify improvers 

during steady-state operation) in a total amount of 30% by weight in terms of oxide. They were disintegrated by wet 
method, dried and calcinated at 550° C to obtain an A\ 2 O^0eO 2 compound oxide. The oxide was impregnated with Pt 
or Rh using an aqueous H 2 PtCI 5 or Rh(N0 3 ) 3 solution. The impregnated oxide was dried, followed by firing at 500°C 
to obtain a Pt-supported Al 2 0 3 /Ce0 2 powder and a Rh-supported Al 2 0 3 /Ce0 2 powder separately. To each of these 

is two kins of powders were added appropriate amounts of water and acetic acid. In the resulting mixture containing the 
Pt-supported Al 2 0 3 /Ce0 2 powder was dipped a monolithic carrier (a cordierite honeycomb manufactured by NGK 
Insulators, Inc., having a rib thickness of 6 mil, a cell density of 400 cpi 2 and a volume of 1 .7 liters) to support, as a 
first catalyst layer, the Pt-supported AI 2 C>3/Ce0 2 powder in an amount of 0.15 g/cc. On this first catalyst layer was 
applied the mixture containing the Rh-supported A^CVCeC^ powder, to support, as a second catalyst layer, the Rh- 

20 supported Al 2 03/Ce0 2 powder in an amount of 0.05 g/cc. The resulting honeycomb was fired at 500°C to obtain catalyst 
V. The supported amount of precious metals in catalyst V was 40 g/ft 3 (Pt/Rh = 5/1 ). 

(Catalyst W) 

25 To commercial rAI 2 0 3 were added cerium acetate and cerium oxide (both are oxygen storage capability improvers 

during steady-state operation) in a total amount of 30% by weight in terms of oxide. They were disintegrated by wet 
method, dried and calcinated at 550°C to obtain an AI 2 CVCe0 2 compound oxide. The oxide was mixed with an aqueous 
barium nitrate solution. Thereto was added acetic acid. The resulting mixture was disintegrated by wet method, dried, 
and calcinated at 700°C to obtain a BaO/AI 2 0 3 /Ce0 2 compound oxide (the amount of BaO was 30% by weight of 

30 AlgOa). The oxide was impregnated with Pt or Rh using an aqueous platinum chloride or Rh(N0 3 ) 3 solution. The im- 
pregnated oxide was dried, followed by firing at 500°C to obtain a Pt-supported BaO/AI 2 03/Ce0 2 powder and a Rh- 
supported BaO/AI 2 03/Ce0 2 powder separately. To each of these two kins of powders were added appropriate amounts 
of water and acetic acid. In the resulting mixture containing the Pt-supported BaO/AI 2 0 3 /Ce0 2 powder was dipped a 
monolithic carrier (a cordierite honeycomb manufactured by NGK Insulators, Inc., having a rib thickness of 6 mil, a cell 

35 density of 400 cpi 2 and a volume of 1 .7 liters) to support, as a first catalyst layer, the Pt-supported BaO/AlgCVCeC^ 
powder in an amount of 0.15 g/cc. On this first catalyst layer was applied the mixture containing the Rh-supported 
BaO/AI 2 03/Ce0 2 powder, to support, as a second catalyst layer, the Rh-supported BaO/A^OyCeOa powder in an 
amount of 0.05 g/cc. The resulting honeycomb was fired at 500°C to obtain catalyst W. The supported amount of 
precious metals in catalyst W was 40 g/ft 3 (Pt/Rh = 5/1 ). 

40 

{Assembling of exhaust gas purification systems} 

The following exhaust gas purification systems were assembled using the above-obtained catalysts, adsorbents 
and adsorbent-catalysts. In order to relate the alphabetical letters indicating the kinds of the catalysts, adsorbents and 
45 adsorbent-catalysts to the Arabian figures used in Figs. 13-33, these Arabian figures were shown in the following by 
placing a relevant Arabian figure in parenthesis after each alphabetical letter 

(System A 1 ) 

so As shown in Fig. 1 3, in the flow path of an exhaust gas from an engine (1 3) were placed adsorbent D (31 ) at an 

upstream site and catalyst L (21) downstream of adsorbent D (31). Between the engine (13) and adsorbent D (31) 
were provided an 0 2 sensor (17) for A/F adjustment at an upstream site and a hole (19) for secondary air feeding for 
ignition acceleration, downstream of the 0 2 sensor (17). The distance from the engine manifold outlet to adsorbent D 
(31) was 600 mm, and the space between adsorbent D (31) and catalyst L (21) was 30 mm. Further, catalyst V (29) 

55 was placed at a site 1 ,200 mm apart from th engine manifold outlet. 
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(System A^) 

System A^ was assembled in the same manner as for system A A except that adsrbent D was replaced by adsorbent 

A. 

(System A3) 

^ System A 3 was assembled in the same manner as for system A, except that adsrbent D was replaced by adsorbent 
(System A^ 

System A4 was assembled in the same manner as for system A 1 except that adsrbent D was replaced by adsorbent 

8. 

(System As) 

System Ag was assembled in the same manner as for system A, except that adsrbent D was replaced by adsorbent 

C. 

(System As) 

^ System was assembled in the same manner as for system A 1 except that adsrbent D was replaced by adsorbent 
(System A 7 ) 

System A 7 was assembled in the same manner as for system A 1 except that adsrbent D was replaced by adsorbent 
(System Ae) 

System A 8 was assembled in the same manner as for system A^ except that adsrbent D was replaced by adsorbent- 
catalyst A. 

(System Ag) 

System Ag was assembled in the same manner as for system A 1 except that adsrbent D was replaced by adsorbent- 
catalyst B. 

(System A 10 ) 

System A 10 was assembled in the same manner as for system A, except that adsrbent D was replaced by ad- 
sorbent-catalyst C. 

(System A n ) 

System A^ was assembled in the same manner as for system A, except that adsrbent D was replaced by adsorb- 
nt-catalyst D. 



(System A 12 ) 

System A 1 2 was assembled in the same manner as for system A 1 except that catalyst V was replaced by catalyst W. 
55 (Syst m B) 

As shown in Fig. 1 4 t in th flow path of an exhaust gas from an engin (1 3) were placed adsorb nt D (31 ), catalyst 
L (21 ) and catalyst U (25) in this order from the engine (1 3) side. B tween the engine (1 3) and adsorbent D (31 ) were 
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provided an 0 2 sensor (1 7) for A/F adjustment at an upstream site and a hole (1 9) for s condary air feeding for ignition 
acceleration, downstream of the Og sensor (17). The distance from the engine manifold outlet to catalyst D (31) was 
600 mm, and the spaces between adsorbent D (31), catalyst L (21) and catalyst U (25) were each 30 mm. Further, 
catalyst V (29) was placed at a site 1 : 200 mm apart from the engine manifold outlet. 

5 

(System C) 

As shown in Fig. 1 5, adsorbent E (35) was placed in the flow path of an exhaust gas from an engine (1 3). Between 
the engine (13) and adsorbent E (35) were provided an 0 2 sensor (17) for A/F adjustment at an upstream site and a 
10 hole (1 9) for secondary air feeding for ignition acceleration downstream of the 0 2 sensor (17). The distance from the 
engine manifold outlet to adsorbent E (35) was 600 mm. Further, catalyst V (29) was placed at a site 1 ,200 mm apart 
from the engine manifold outlet. 

(System D) 

75 

As shown in Fig. 16, in the flow path of an exhaust gas from an engine (13) were placed adsorbent E (35) at an 
upstream site and catalyst U (25) downstream of adsorbent E (35). Between the engine (13) and adsorbent E (35) 
were provided an 0 2 sensor (1 7) for A/F adjustment at an upstream site and a hole (1 9) for secondary air feeding for 
ignition acceleration, downstream of the 0 2 sensor (1 7). The distance from the engine manifold outlet to adsorbent E 
20 (35) was 600 mm, and the space between adsorbent E (35) and catalyst U (25) was 30 mm. Further, catalyst V (29) 
was placed at a site 1 ,200 mm apart from the engine manifold outlet. 

(System E) 

2S As shown in Fig. 17, in the flow path of an exhaust gas from an engine (13) were placed catalyst U' (27), adsorbent 

D (31) and catalyst L (21) in this order from the engine (13) side. Between the engine (13) and catalyst U' (27) were 
provided an 0 2 sensor (17) for A/F adjustment at an upstream site and a hole (1 9) for secondary air feeding for ignition 
acceleration, downstream of the 0 2 sensor (17). The distance from the engine manifold outlet to catalyst U' (27) was 
600 mm, and the spaces between catalyst U' (27), adsorbent D (31) and catalyst L (21) were each 30 mm. Further, 

30 catalyst V (29) was placed at a site 1 ,200 mm apart from the engine manifold outlet. 

(System F) 

As shown in Fig. 1 8, in the flow path of an exhaust gas from an engine (13) were placed catalyst U' (27), adsorbent 
35 E (35) and catalyst U (25) in this order from the engine (1 3) side. Between the engine (1 3) and catalyst U" (27) were 
provided an 0 2 sensor ( 1 7) for A/F adjustment at an upstream site and a hole (1 9) for secondary air feeding for ignition 
acceleration, downstream of the 0 2 sensor (17). The distance from the engine manifold outlet to catalyst U" (27) was 
600 mm, and the spaces between catalyst U' (27), adsorbent E (35) and catalyst U (25) were each 30 mm. Further, 
catalyst V (29) was placed at a site 1 ,200 mm apart from the engine manifold outlet. 

40 

(System G^ 

As shown in Fig. 1 9, in the flow path of an exhaust gas from an engine (13) were placed catalyst U' (27), adsorbent 
D (31 ), catalyst L (21 ) and catalyst U (25) in this order from the engine (1 3) side. Between the engine (1 3) and catalyst 
45 u' (27) were provided an 0 2 sensor (17) for A/F adjustment at an upstream site and a hole (19) for secondary air 
feeding for ignition acceleration, downstream of the 0 2 sensor (17). The distance from the engine manifold outlet to 
catalyst LT (27) was 600 mm, and the spaces between catalyst U' (27), adsorbent D (31), catalyst L (21) and catalyst 
U (25) were each 30 mm. Further, catalyst V (29) was placed at a site 1 ,200 mm apart from the engine manifold outlet. 

so (System G 2 ) 

System G 2 was assembled in the same manner as for system except that adsorbent D was replaced by ad- 
sorbent A. 



ss (System G 3 ) 

System G 3 was assembled in the same manner as for system G A except that adsorbent D was replaced by ad- 
sorbent B. 
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(Syst m G 4 ) 

sorberrtD™ ° 4 "** aSS6mbl8d in the same manner as for s V stem G i e * c W that adsorbent D was replaced by ad- 
(System G s ) 

System G 5 was assembled in the same manner as for system G-, except that catalyst L was replaced by catalyst D. 
«> (System G 6 ) 

System G 6 was assembled in the same manner as for system G 1 except that catalyst L was replaced by catalyst M. 
(System G 7 ) 

System G 7 was assembled in the same manner as for system G, except that catalyst L was replaced by catalyst Q. 
(System G 8 ) 

System G 8 was assembled in the same manner as for system G, except that catalyst L was replaced by catalyst L". 
(System G 9 ) 

System G 9 was assembled in the same manner as for system G, except that catalyst L was replaced by catalyst L". 
(System H-, ) 

As shown in Fig. 20, in the flow path of an exhaust gas from an engine (13) were placed catalyst L' (23) adsorbent 

v %£;T*" L £? "5 ***** u (25) in this order from tha en9ine (1 3) side B -^" n the (1 1 Sajs 

. ( * W provided an 0 2 sensor (1 7) for A/F adjustment at an upstream site and a hole ( 1 9) for secondary air feeding 
FS £!/52 ' lerat,on ' d ° wnstream of the °2 sensor (17). The distance from the engine manifold outlet to catalyst 
L (23) was 600 mm, and the spaces between catalyst L' (23). adsorbent D (31). catalyst L (21) and catalyst U (25) 
were each 30 mm. Further, catalyst V (29) was placed at a site 1 .200 mm apart from the engine manifold outlet 

& (System H 2 ) 

System H 2 was assembled in the same manner as for system H, except that catalyst L' was replaced by catalyst L". 
(System I) 
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. ^°,Z in F ' 9 ' 21 ' the flow P atn of 30 exhaust gas from an engine (-1 3) were placed catalyst U' (27) adsorbent- 

22 Cata * St L .£! U (25) " •* ° rder ,rom *• e "9 ine < 13 > side " Betw ^ the engine (Sand 

S fiSnn 5f • ™T P ^ 8n ° 2 5enS ° r ( 1 7) for ad J' ustment * an upstream site and a hole (1 9) for secondary 
to 22 I a f*! lera,ion ' ^nstream of the sensor (17). The distance from the engine manifold outlet 
in^K V, Sr 88 mm ' ,he Spa ° 8S b6tWeen cata| y st U ' < 27 >- adsorbentotalyst G (39). catalyst L (21) 
manS ,. t 30 V (29) P ' aCed " 3 Site 1 ' 2 °° mm a P art rom * e en ^ 



50 



£5 



(System J) 



D- ad^nt n rS; ^ „ 7, 6XhaUSt 933 ff ° m a " engine (1 3) were P ,aced ***** U " ^ ads °*ent 

D (33) adsorbent D (31 ). catalyst L (21 ) and catalyst U (25) in this order from the engine (13) side. Between the engine 

^ , y5 H U ( f } W6re Pr ° Vided 3n 02 ^ (17) f ° r «*««•"•"« at ^ "psiream site and aTole (19) for 
I^f^^ f f .'."^ ,9nrt,0n acceteration - downstream of the ^ s nsor(17). Thedistanc fromth nginemanifold 
^S^l^JX,™™*"* SPaC6Sb tW n c atalyst U' (27), adsorbent D' (33), adsorbent D (31), 
t^engin ^ * " "* " ^ ^ ^ V (29) P '~ d * 3 1 - 200 ™ 3part f ™ 
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(Syst m K) 



As shown in Fig 23, in the flow path of an exhaust gas from an engine (1 3) were placed catalyst U' (27), adsorbent 
D (31), adsorbent-catalyst A (37), catalyst L (21) and catalyst U (25) in this order from the engine (13) side. Between 
the engine (13) and catalyst LT (27) were provided an 0 2 sensor (17) for A/F adjustment at an upstream site and a 
hole (19) for secondary air feeding for ignition acceleration, downstream of the 0 2 sensor (17). The distance from the 
engine manifold outlet to catalyst LT (27) was 600 mm, and the spaces between catalyst U' (27), adsorbent D (31), 
adsorbent-catalyst A (37), catalyst L (21) and catalyst U (25) were each 30 mm. Further, catalyst V (29) was placed 
at a site 1,200 mm apart from the engine manifold outlet. 



(System L) 



As shown in Fig 24, in the flow path of an exhaust gas from an engine (1 3) were placed catalyst U' (27), adsorbent 
D (31 ), catalyst L (21 ), adsorbent D (31 ), catalyst L (21 ), catalyst U (25) and catalyst V (29) in this order from the engine 
(13) side. Between the engine (13) and catalyst U' (27) were provided an 0 2 sensor (17) for A/F adjustment at an 
upstream site and a hole (19) for secondary air feeding for ignition acceleration, downstream of the Cfe sensor (17). 
The distance from the engine manifold outlet to catalyst LT (27) was 600 mm, and the spaces between catalyst LT (27), 
adsorbent D (31 ), catalyst L (21 ), adsorbent D (31 ), catalyst L (21), catalyst U (25) and catalyst V (29) were each 30 mm. 

(System M) 

As shown in Fig. 25, in the flow path of an exhaust gas from an engine (1 3) were placed catalyst V (29), adsorbent 
D (31) and catalyst L (21) in this order from the engine (13) side. Between the engine (13) and catalyst V (29) were 
provided an 0 2 sensor (1 7) for A/F adjustment at an upstream site and a hole (1 9) for secondary air feeding for ■gmtion 
acceleration, downstream of the 0 2 sensor (17). The distance from the engine manifold outlet to catalyst V (29) was 
600 mm, and the spaces between catalyst V (29) ; adsorbent D (31) and catalyst L (21) were each 30 mm. 

(System N) 

As shown in Fig. 26, in the flow path of an exhaust gas from an engine (1 3) were placed catalyst V (29), adsorbent 
E (35) and catalyst U (25) in this order from the engine (13) side. Between the engine (13) and catalyst V (29) were 
provided an 0 2 sensor (17) for A/F adjustment at an upstream site and a hole (1 9) for secondary air feeding for ignition 
acceleration, downstream of the 0 2 sensor (17). The distance from the engine manifold outlet to catalyst V (29) was 
600 mm, and the spaces between catalyst V (29) s adsorbent E (35) and catalyst U (25) were each 30 mm. 

(System 0 1 ) 

As shown in Fig. 27, in the flow path of an exhaust gas from an engine (1 3) were placed catalyst V (29), adsorbent 
D (31 ), catalyst L (21 ) and catalyst U (25) in this order from the engine (1 3) side. Between the engine (1 3) and catalyst 

V (29) were provided an 0 2 sensor (1 7) for A/F adjustment at an upstream site and a hole (1 9) for secondary air feeding 
for ignition acceleration, downstream of the 0 2 sensor (17). The distance from the engine manifold outlet to catalyst 

V (29) was 600 mm, and the spaces between catalyst V (29), adsorbent D (31), catalyst L (21) and catalyst U (25) 
were each 30 mm. 

(System 0 2 ) 

System 0 2 was assembled in the same manner as for catalyst 0 1 except that adsrbent D was replaced by adsorbent 

A. 

(System 0 3 ) 

System 0 3 was assembled in the same manner as for catalyst O, except that adsrbent D was replaced by adsorbent 

B. 

(Syst m 0 4 ) 

System 0 4 was ass mb led in the same manner as for catalyst O, exc ptthatadsrb nt D was replaced by adsorb nt 

D*. 
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(System O s ) 

System O s was assembled in the same manner as for catalyst except that catalyst L was replaced by catalyst D. 
(System O e ) 

System O e was assembled in the same manner as for catafyst o, except that catalyst L was replaced by cata lyst M. 
(System 07) • 

System 07 was assembled in the same manner as for catalyst O, except that catalyst L was replaced by catalyst Q. 
(System O 0 ) 

System O s was assembled in the same manner as for catalyst O, except that catalyst L was replaced by catalyst |_". 
(System O g ) 

System O g wasassembled in the same manner as forcatalystd except that catalyst L was replaced by catalyst L". 
(System P) 

V «Sf JSHlTS" ^ Path ° f 80 eXhaUSt 938 ,f0m a " engine (13 > were P' aced ^'V* U 1 (27), catalyst 
caSst U^C L (21> in ° rder fr ° m ,hS en 9 ine < 13 > side " Between the engine (13) and 

SfaSJir T P f 30 ° 2 SSnSOr 07) f ° r ^ ad i us *™"t at an upstream site and a hole (19) for secondary 
Z^f B ^£'^JT Mm ° f °* SenS ° r (17) " Tt " diStanCS fr0m *• manifow oS 

L (^ere eS Z mm " U ' ^ V (29)l adSOrben, D (31 > ^ eaM ^ 

so (System Q) 

m „m S !J 0 T in t F ^ J 9 - in 016 fl ° W path of 3,1 exhaust S 38 from 3,1 en 9ine (13) were placed catalyst U 1 (27) catalvst 
nS^^S??, D r 2£ ' (21) andMl ^ U < 25 > in tnisorderfrom the engine (13) side. Between th'e Engine 

ieS^o' V h ( f } WSre Pr ° Vided a " 02 SSnSOr (17) for ^ adjustment at an upstream srte and a hole (19? ™ 

S2t?^S??2Jy L?1^m l^™' SpaCSS b6tWeen U " < 27 >" V (»)■ a *°*«nt D (31). 

catalyst L (21) and catalyst U (25) were each 30 mm. 
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(System R,) 

v /oof S !TT in F rl 9 " in thG flOW path ° f an exhaust 9 as from an en 9*ne (13) were placed catalyst U (23) catalvst 
l^SSSv Si'wtS'f L f j and ^ St U (25>in ^-^rtromme engine P (13) side. SJl^S^R 
linnH^? ^ w ( ? } pfOV,ded 30 02 Sensor (17) for a^stment at an upstream site arid a hole (19) for 

S^L^S^S. TnfS™' ^ 5,33063 b6tWeen Cata * St L " < 23 >' V (29), adsoment D (31), 

catalyst L (21) and catalyst U (25) were each 30 mm. 

(System Fy 

System R 2 was assembled in the same manner as for system R, except that catalyst L' was replaced by L" 
(System S) 

DW 3 ^r^ in r i n'^; inth ?° Wpath0fan ^ust gas from an ngine(13)wr placed catalyst V (29). adsorbent 
I StT^ls^SS' 'f? "J U (25) " * to ° rd9r fr0m 1,1 ^ < 1 3 > BeJeen t h engine 

«2iE ~ f^ w ( ? } PfOV 30 02 SenS ° r 07) for ^ adjustment at an upstream sit and a hole (19) for 
^^IIT - - Jj^-lh-q,, n S or( 1 7).Thed«tance»romtheenginenL£ 
outlet to catalyst V (29) was 600 mm. and the spaces betw en catalyst V (29). adsorbent D' (33). adsorbent D (31). 
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catalyst L (21) and catalyst U (25) wer each 30 mm. 
(System T) 

As shown in Fig. 32, in the flow path of an exhaust gas from an engine (1 3) were placed catalyst V (29), adsorbent 
D (31 ), adsorbent^catalyst A (37), catalyst L (21 ) and catalyst U (25) in this order from the engine (13) side. Between 
the engine (13) and catalyst V (29) were provided an 0 2 sensor (17) for A/F adjustment at an upstream site and a hole 
(1 9) for secondary air feeding for ignition acceleration, downstream of the Q, sensor ( 1 7). The distance from the engine 
manifold outlet to catalyst V (29) was 600 mm, and the spaces between catalyst V (29), adsorbent D (31 ), adsorbent- 
catalyst A (37), catalyst L (21 ) and catalyst U (25) were each 30 mm. 

(System U) 

As shown in Fig. 33, in the flow path of an exhaust gas from an engine (1 3) were placed catalyst V (29), adsorbent 
D (31 ), catalyst L (21 ), adsorbent D (31 ) and catalyst L (21 ) in this order from the engine (1 3) side. Between the engine 
(13) and catalyst V (29) were provided an 0 2 sensor (17) for A/F adjustment at an upstream site and a hole (19) for 
secondary airfeedingfor ignition acceleration, downstream of the 0 2 sensor(17). Thedistancefrom the engine manifold 
outlet to catalyst V (29) was 600 mm, and the spaces between catalyst V (29), adsorbent D (31), catalyst L (21), 
adsorbent D (-31) and catalyst L (21) were each 30 mm. 

{Performance evaluation of exhaust gas systems} 

In order to evaluate the exhaust gas performances of the above systems, an FTP test (LA-4 mode) was conducted 
using each of two engines different in NO discharge amount. The test was conducted three times for each system. In 
the first time, the exhaust gas purification performance of system during cold start was examined using one of the two 
ngines, low in NO discharge amount. In the second time, the exhaust gas purification performance of system during 
cold start was examined using the other engine relatively high in NO discharge amount. In the third time, steady^tate 
op ration was conducted for 30 minutes using the engine tow in NO dicharge amount; then, the engine was stopped 
and allowed to sufficiently cool; and the engine was restarted to examine the exhaust gas purification performance of 
system during cold start. In each time, secondary air was fed through the hole of each system in a simple manner 
using an air pump at a rate of 100 €/min for 90 seconds from engine cranking to obtain an oxygen-excessive exhaust 
gas The exhaust gas generated was collected by a CVS method, and its emission value was then calculated. The 
test results (Examples 60-109) are shown in Table 9 and Table 10. As is clearfrom Table 9 and Table 10, the emission 
value was significantly lowered by using a system containing a catalyst of low-temperature light-off performance. 

Table 9 



Ex. 


System 


First time 


Second time 


Third time 




i 

Bagl-a (g) 


Total (g/mile) 


■ 

Bagl-a (g) 


Total (g/mile) 


Bagl-a (g) » 


Total (g/mile) 


Base (us 


ng no system) 


2.21 


0.236 


2.35 


0.238 


2.21 ! 


0.236 


60 


*i 


0,83 


0.085 


0.78 


! 0.079 


0.71 ! 


0.075 


61 


As 


0.99 


0.099 


0.97 


! 0.098 


0.90 ! 


0.091 


62 


A3 


0.95 


! 0.096 


0.93 


i 0.094 


0.84 


0.083 


63 


A* 


0.90 


j 0.091 


0.88 


| 0.087 


0.78 


0.078 


64 


As 


0.87 


| 0.088 


0.84 


| 0.083 


0.75 


0.078 


65 


Ae 


0.86 


I 0.087 


0.82 


I 0.081 


0.74 


0.077 


66 


A 7 


0.78 


I 0.077 


0.67 


I 0.067 


0.63 


0.065 


67 


As 


0.84 


! 0.086 


0.78 


! 0.078 


0.70 


0.074 


68 


A9 


0.79 


! 0.080 


0.70 


! 0.071 


0.63 


I 0.066 


69 


A10 


0.84 


j 0.086 


0.78 


j 0.078 


0.72 


0.075 


70 


An 


0.80 


| 0.082 


0.74 


j 0.075 


0.65 


0.065 


71 


A12 


0.75 


! 0.076 


0.72 


! 0.074 


0.65 


! 0.064 


72 


B 


0.77 


! 0.079 


0.72 


! 0.077 


0.66 


! 0.070 


73 


C 


0.76 


! 0.077 


0.71 


! 0.074 


0.69 


! 0.074 


74 


D 


0.76 


! 0.077 


0.70 


! 0.070 


0.65 


! 0.069 
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Tab I 9 (continued) 



Ex. 



System 



Bagl-a (g) 



First 
r 



time 



Total (g/mile) 



Bagl-a (g) 



Second time 

T 



Total (g/mile) 



Third time 



Bagl-a (g) 



Total (g/mile) 



Base (using no system) 



2.21 



0.236 



2.35 



0.238 



2.21 



0.236 





fc 


0.72 


| 0.072 


0.65 


76 


p 


0.68 


! 0.068 


0.62 


77 


ri 
^1 


0.50 


\ . 0.052 


0.43 


/ o 


G 2 


1.28 


! 0.130 


1.21 


7Q 


G 3 


0.99 


I 0.099 


0.91 


on 


G 4 


0.59 


0.061 


0.51 


O I 


G 5 


0.52 


0.053 


0.45 




G 6 


0.52 


0.053 


0.45 


So 


G 7 


0.55 


0.058 


0.47 


o4 


G 8 


0.51 | 


0.053 


0.43 




G 9 


0.50 


0.053 


0.43 




i i 
H l 


0.52 ! 


0.055 


0.44 


Q7 


H 2 


0.54 i 


0.058 


0.44 


QQ 
OO 


1 


0.52 ; 


0.054 


0.45 




J 


o.64 ; 


0.066 


0.57 


on 

yu 


K 


0.58 ! 


0.059 


0.53 


y i 


L 


0.57 ! 


0.059 


0.51 


GO 


M 


0.77 ! 


0.078 


0.71 


yj 


N 


0.72 j 


0.076 


0.67 


y*f 




0.51 ; 


0.054 


0.43 


SO 


o 2 


i.23 ; 


0.128 


1.15 


yo 


°3 


0.89 J 


0.096 


0.81 


Q*7 

y/ 


°4 


0.60 ! 


0.063 


0.55 


QQ 

yo 


°S 


0.53 ! 


0.055 


0.46 


99 


o 6 


0.53 j 


0.055 


0.47 


100 




0.53 j 


0.056 


0.47 


101 


o 8 


0.51 ; 


0.056 


0.44 


102 


o 9 


0.51 ! 


0.055 


0.44 


103 


p 


0.53 ! 


0.058 


0.49 


104 


Q 


0.52 ! 


0.057 


0.46 


105 


Ri 


0,52 j 


0.057 


0.45 


106 


R 2 


0.52 j 


0.058 


0.43 


107 


s 


0.57 ; 


0.061 


0.48 


108 


T 


0.58 ; 


0.063 


0.52 


109 


U 


0.54 ! 


0.056 


0.47 



0.065 

0.063 

0.043 

0.129 

0.092 

0.052 

0.047 

0.047 

0.049 

0.043 

0.043 

0.046 

0.045 

0.048 

0.058 

0.055 

0.053 

0.074 

0.071 

0.045 

0.124 

0.086 

0.055 

0.047 

0.047 

0.048 

0.046 

0.046 

0.051 

0.048 

0.047 

0.046 

0.050 

0.053 

0.050 



0.62 

0.57 

0.40 

1.15 

0.84 

0.48 

0.42 

0.42 

0.43 

0.40 

0.40 

0.42 

0.41 

0.42 

0.53 

0.51 

0.47 

0.68 

0.63 

0.41 

1.13 

0.79 

0.48 

0.43 

0.43 

0.43 

0.41 

0.41 

0.46 

0.42 

0.42 

0.41 

0.45 

0.48 

0.44 



0.066 

0.062 

0.042 

0.128 

0.089 

0.052 

0.045 

0.044 

0.045 

0.042 

0.043 

0.045 

0.045 

0.046 

0.056 

0.055 

0.050 

0.074 

0.068 

0.043 

0.123 

0.085 

0.052 

0.047 

0.046 
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mnSL h k V f 933 pur[fication according to the present invention, the harmful substances 

contamed ,n exhaust gas d.scharged from internal combustion engine of automobile or the like, particularly the HC 
discharged in a large amount during cold start of gasoline engine can be purified effectively. 

Claims 

1 ' the tolfowlng^^d (B? PUrifiCa,i ° n d '' SPOSed " 6XhaUSt pipe ° f in,emal c °n*ustion engine, which comprises 

(A) a catalyst composition giving a light-off performance at tow temperatures, which comprises a precious 
metal and a substance having an electron donatability and/or a nitrogen dioxide absorbability and reusability. 
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and 

(B) an adsorbent having a hydrocarbon adsorbability. 

2. A system for exhaust gas purification according to claim 1 , wherein said adsorbent contains a catalyst component. 

5 

3. A system for exhaust gas purification according to claim 2, wherein the adsorbent containing a catalyst component 
contains a precious metal and a substance having an electron donatability and/or a nitrogen dioxide absorbability 
and releasability. 

10 4. A system for exhaust gas purification according to claim 2 or 3, wherein the adsorbent containing a catalyst com- 
ponent contains a rare earth element oxide. 

5. A system for exhaust gas purification according to any of claims 1 to 4, wherein said adsorbent is composed mainly 
of zeolite. 

15 

6. A system for exhaust gas purification according to claim 5, wherein the zeolite has a SiCVA^ molar ratio of 40 
or more. 

7. A system for exhaust gas purification according to claim 5 or 6, wherein the zeolite contains at least one precious 
20 metal selected from the group consisting of Pt, Pd and Rh. 

8. A system for exhaust gas purification according to claim 5, wherein the zeolite contains at least one of the ions of 
group IB elements (Cu, Ag and Au) of periodic table. 

^ 25 9. A system for exhaust gas purification according to any of claims 1 to 8, wherein said adsorbent is disposed upstream 
of said catalyst composition in the flow path of exhaust gas. 

10 A system for exhaust gas purification according to any of claims 1 to 9, wherein said adsorbent and said catalyst 
composition are disposed at the same or nearly same positions in the flow path of exhaust gas with no distance 
30 between them. 

11. A system for exhaust gas purification according to any of claims 1 to 10, wherein another catalyst for exhaust gas 
purification is disposed downstream of said adsorbent and said catalyst composition in the flow path of exhaust gas. 

35 12. A system for exhaust gas purification according to any of claims 1 to 11 , wherein another catalyst for exhaust gas 
purification is disposed upstream of said adsorbent and said catalyst composition in the flow path of exhaust gas. 

1 3. A system for exhaust gas purification disposed in the exhaust pipe of internal combustion engine, which comprises 
the following (C) and (D): 

40 

(C) a catalyst giving a light-off performance at low temperatures, comprising a carrier and a catalyst layer 
supported thereon, the catalyst layer comprising a precious metal and a substance having an electron dona- 
tability and/or a nitrogen dioxide absorbability and releasability, and 

(D) an adsorbent comprising a carrier and an adsorbent layer having a hydrocarbon adsorbability, supported 
45 on the carrier 

14. A system for exhaust gas purification disposed in the exhaust pipe of internal combustion engine, which comprises 
the following (E) and (F): 

so (E) a catalyst giving a light-off performance at low temperatures, comprising a carrier and a catalyst layer 

supported thereon, the catalyst layer comprising a precious metal and a substance having an electron dona- 
tability and/or a nitrogen dioxide absorbability and releasability, and 

(F) an adsorbent-catalyst comprising a monolithic carrier, an adsorbent layer having a hydrocarbon adsorba- 
bility and a catalyst layer having a three-way catalytic activity or an oxidizing ability, the adsorbent layer and 
55 the catalyst lay r being separately supported on th monolithic carri r in all or part of the cross s ctions of 

the adsorbent-catalyst perpendicular to the flow dir ction of xhaust gas. 

15. A system for exhaust gas purification according to claims 1 to 14, wherein the combustible components contained 
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in an exhaust gas to be purified are r acted with nitrogen dioxid in the pr senc of said catalyst composition or 
catatyst giving a lightoff p rformance at tow temperatures, at a temperature lower than the light-off temperature 
of the oxidation reaction between said combustible components and oxygen; thereby, part of the exhaust gas is 
punfied; the heat generated by the above reaction increases the temperatures of said catalyst composition or 
catalyst and its surroundings; thereby, th hydrocarbons, nitrogen oxides and carbon monoxide contained in the 
exhaust gas are purified. 

16. A system for exhaust gas purification according to claim 1, 13 or 14, wherein the substance having an electron 
donatability, present in said catalyst composition or catalyst giving a light-off performance at low temperatures 
supplies electrons to the precious metal also present therein; as a result, the adsorbability of the precious metal 
for the hydrocarbons and/or carbon monoxide contained in an exhaust gas to be purified is reduced and the hy- 
drocarbons and/or carbon monoxide is reacted with oxygen at a temperature lower than the lightoff temperature 
of a three-way catalyst not containing any substance having an electron donatability; thereby, part of the exhaust 
gas is purified; the heat generated by the above reaction increases the temperatures of said catalyst composition 
or catalyst and its surroundings; thereby, the hydrocarbons, nitrogen oxides and carbon monoxide contained in 
the exhaust gas are purified. 

17. A system for exhaust gas purification according to claim 13 or 14, wherein the carrier of said catalyst giving a 
performance at low temperatures is a monolithic carrier 

18. A system for exhaust gas purification according to claim 17, wherein the catalyst layer of said catalyst comprises 
a layer containing a precious metal and a layer containing a substance having an electron donatability and/or a 
nitrogen dioxide absorbability and reusability, with the individual layers being supported on different monolithic 
carriers. 



19. 
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A system for exhaust gas purification according to claim 17, wherein the catalyst layer of said catalyst comprises 
a layer containing a precious metal and a layer containing a substance having an electron donatability and/or a 
nitrogen dioxide absorbability and releasability, with the individual layers being supported on one same monolithic 
carrier apart in the flow direction of exhaust gas. 

A system for exhaust gas purification according to claim 13, 14 or 17, wherein the catalyst layer of said catalyst 
compnses a layer containing a precious metai and a layer containing a substance having an electron donatability 
and/or a nitrogen dioxide absorbability and releasability, with the individual layers being supported on one same 
carrier in a pile-up state. 

21. A system for exhaust gas purification according to . claim 13, 14 or 17, wherein the precious metal and the sub- 
stance having an electron donatability and/or a nitrogen dioxide absorbability and releasability are present in a 
mixed state in the catalyst layer of the catalyst. 

22. A system for exhaust gas purification according to any of claims 1 to 21 , wherein the substance having an electron 
donatability and/or a nitrogen dioxide absorbability and releasability is at least one element selected from the group 
consisting of alkali metals, alkaline earth metals, rare earth elements, transition metals and actinide elements; an 
oxide thereof; or a compound oxide containing at least one element mentioned above. 

23. A system for exhaust gas purification according to claim 22, wherein the at least one element is selected from the 
group consisting of Li, Cs, Mg, Ca, Sr, Ba, Y. Ti, Zr, Hf, La, Ce, Pr, Nd ; Th and U. 

24. A system for exhaust gas purification according to claim 22, wherein the at least one element is selected from the 
group consisting of Cs, Mg, Sr, Ba, Y, Zr, Hf, La, Ce and Th. 

25. A system for exhaust gas purification according to any of claims 1 to 24, wherein the precious metal is at least one 
of Pt, Pd and Rh. 

26. A system for exhaust gas purification according to any of claims 1 to 24, wherein the pr cious metal is Pt anoVbr Pd. 

27. A system for exhaust gas purification according to claim 1 7, wh rein the precious metal is supported in an amount 
of 10-700 g/ft 3 (volume of monolithic carrier). 
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28. A system for exhaust gas purification according to claim 13 or 14, wherein the carrier of said adsorbent is a mon- 
olithic carrier. 

29. A system for exhaust gas purification according to any of claims 1 3 to 28, wherein the adsorbent layer of said 
5 adsorbent contains a catalyst component. 

30. A system for exhaust gas purification according to claim 29, wherein the adsorbent layer containing a catalyst 
component contains a precious metal and a substance having an electron donatability and/or a nitrogen dioxide 
absorbability and releasability. 

10 

31 . A system for exhaust gas purification according to claim 29 or 30, wherein the adsorbent layer containing a catalyst 
component contains a rare earth element oxide. 

32. A system for exhaust gas purification according to any of claims 1 3 to 28, wherein a layer containing a catalyst com- 
is ponent is formed on the surface of the adsorbent layer of said adsorbent or between the adsorbent layer and the carrier. 

33. A system for exhaust gas purification according to claim 32, wherein the layer containing a catalyst component 
contains a precious metal and a substance having an electron donatability and/or a nitrogen dioxide absorbability 
and releasability. 

20 

34. A system for exhaust gas purification according to claim 32 or 33, wherein the layer containing a catalyst component 
contains a rare earth element oxide. 

35. A system for exhaust gas purification according to any of claims 13 to 34, wherein the adsorbent layer of said 
2S adsorbent is composed mainly of zeolite. 

36. A system for exhaust gas purification according to claim 35, wherein the zeolite has a SiCVAIgOg molar ratio of 
40 or more. 

30 37. A system for exhaust gas purification according to claim 35, wherein the zeolite contains at least one precious 
metal selected from the group consisting of Pt, Pd and Rh. 

38. A system for exhaust gas purification according to claim 35, wherein the zeolite contains at least one of the ions 
of group IB elements (Cu, Ag and Au) of periodic table. 

35 

39. A system for exhaust gas purification according to claim 28, wherein a blowing-through portion is formed in the 
monolithic carrier so as to allow the blowing of exhaust gas through the portion. 

40. A system for exhaust gas purification according to claim 39, wherein the blowing-through portion is formed parallel 
40 to the passages of the monolithic carrier. 

41. A system for exhaust gas purification according to any of claims 13 to 40, wherein said adsorbent is disposed 
upstream of said catalyst in the flow path of exhaust gas. 

45 42. A system for exhaust gas purification according to claim 13 or 14, wherein said adsorbent and said catalyst are 
formed in one monolithic carrier and the adsorbent is disposed at the upstream side of the carrier and the catalyst 
is disposed at the downstream side of the carrier in the flow path of exhaust gas. 

43. A system for exhaust gas purification according to any of claims 13 to 42, wherein another catalyst for exhaust 
so gas purification is disposed downstream of said adsorbent and said catalyst in the flow path of exhaust gas. 

44. A system for exhaust gas purification according to any of claims 13 to 43, wherein another catalyst for exhaust 
gas purification is disposed upstream of said adsorbent and said catalyst in the flow path of exhaust gas. 

55 45. A m thod for exhaust gas purification using the system for exhaust gas purification according to any of claims 1 
to 44, which comprises adding an oxidizing gas to an exhaust gas to b purified or controlling the amounts of air 
and f u I f d into engine so that the oxygen amount in exhaust gas is increased, for a certain length of time during 
engine cold start. 
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FIG. 1 
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FIG. 5 
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FIG. 8 
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FIG. 10 
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(54> Astern 6XhaUSt 988 pUrification and — for exhaust gas purification using said 



(57) A system for exhaust gas purification disposed 
m the exhaust pipe of internal combustion engine in- 
cludes the followings (C) and (D): (C) a catalyst giving 
an excellent light-off performance at low temperatures, 
comprising a carrier and a catalyst layer supported ther- 
eon, the catalyst layer comprising a precious metal and 
a substance having an electron donatability and/or a ni- 
trogen dioxide absorbability and reusability, and (D) 



an adsorbent comprising a carrier and an adsorbent lay- 
er having a hydrocarbon adsorbability, supported on the 
carrier. This system for exhaust gas purification can ef- 
fectively purify the harmful substances contained in the 
exhaust gases discharged from internal combustion en- 
gines of automobiles, etc., particularly the hydrocarbons 
discharged in a large amount from gasoline engines dur- 
ing their cold start. 
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